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Wkh txhvwlrq ri zkhwkhu lqyhvwphqw lq lqiudvwuxfwxuh lqfuhdvhv kxpdq fdslwdo dqg uhgxfhv
sryhuw| kdv orqj ehhq d frqfhuq wr ghyhorsphqw hfrqrplvwv dqg srolf|pdnhuv1 Iru h{dpsoh/
dydlodelolw| ri vfkrrolqj lqiudvwuxfwxuh kdv ehhq vkrzq wr eh srvlwlyho| fruuhodwhg zlwk frpsohwhg
vfkrrolqj ru hquroophqw e| Qdqf| Elugvdoo +4<;8, lq xuedq Eud}lo/ Ghqqlv GhWud| +4<;;, dqg Ohh
D1 Oloodug dqg Urehuw M1 Zloolv +4<<7, lq Pdod|vld/ Ylfwru Ody| +4<<9, lq Jkdqd/ dqg Dqqh Fdvh
dqg Dqjxv Ghdwrq +4<<9, lq Vrxwk Diulfd1 Wkh sulqflsdo phwkrgrorjlfdo sureohp zlwk wkhvh
vwxglhv lv wkdw vfkrrov duh qrw udqgrpo| doorfdwhg dfurvv frppxqlwlhv1 Lq hgxfdwlrq v|vwhpv
uho|lqj rq orfdo qdqflqj/ pruh dxhqw frppxqlwlhv fdq drug wr exlog pruh vfkrrov1 Fkloguhq
lq wkhvh frppxqlwlhv duh olnho| wr eh pruh hgxfdwhg dqg hduq pruh dv dgxowv1 Dowhuqdwlyho|/
lq fhqwudol}hg hgxfdwlrq v|vwhpv/ jryhuqphqw uhvrxufhv pd| eh doorfdwhg wr uhjlrqv wkdw duh
odjjlqj ehklqg +dv zdv wkh fdvh zlwk vfkrro frqvwuxfwlrq lq Lqgrqhvld lq wkh 4<:3*v,1 Dv d
4uhvxow/ hgxfdwlrq dqg zdjhv pd| eh orzhu lq wkh uhjlrqv wkdw kdyh pruh jryhuqphqw vfkrrov1
Wkh lghdo h{shulphqw wr hvwlpdwh wkh hhfwv ri exloglqj vfkrrov zrxog eh wr doorfdwh vfkrrov
udqgrpo| wr vrph frppxqlwlhv dqg qrw wr rwkhuv/ dqg wkhq wr frpsduh hgxfdwlrq dqg hduqlqjv
dfurvv frppxqlwlhv1 Lq wkh devhqfh ri hylghqfh iurp vxfk dq h{shulphqw/ lw lv qhfhvvdu| wr uho|
rq h{rjhqrxv qdwxudo yduldwlrqv lq frpelqdwlrq zlwk vwdwlvwlfdo prgholqj vwudwhjlhv1
Wklv sdshu h{sorlwv d gudpdwlf fkdqjh lq srolf| wr hydoxdwh wkh hhfw ri exloglqj vfkrrov
rq hgxfdwlrq dqg hduqlqjv lq Lqgrqhvld1 Lq 4<:6/ wkh Lqgrqhvldq jryhuqphqw odxqfkhg d pdmru
vfkrro frqvwuxfwlrq surjudp/ wkh Vhnrodk Gdvdu LQSUHV surjudp1 Ehwzhhq 4<:6~:7 dqg 4<:;~
:< pruh wkdq 94/333 sulpdu| vfkrro exloglqjv dq dyhudjh ri wzr vfkrrov shu 4/333 fkloguhq
djhg 8 wr 47 lq 4<:4 zhuh exlow1 Wkh jryhuqphqw*v jrdo zdv wr lqfuhdvh hquroophqw udwhv dprqj
fkloguhq djhg : wr 45 iurp 9< shufhqw lq 4<:6 wr ;8 shufhqw e| 4<:;1 Lq 4<:;/ wkh hquroophqw
udwh uhdfkhg ;7 shufhqw iru pdohv dqg ;5 shufhqw iru ihpdohv +Zruog Edqn +4<<3d,,1 Lqgrqhvld*v
sulpdu| vfkrrolqj h{sdqvlrq lv flwhg e| wkh Zruog Edqn dv _rqh ri wkh prvw vxffhvvixo fdvhv
ri odujh0vfdoh vfkrro h{sdqvlrq rq uhfrug% +Zruog Edqn +4<<3d,,1 Wklv surjudp uhsuhvhqwhg d
gudvwlf fkdqjh lq Lqgrqhvldq srolf|1 Sulru wr 4<:6/ fdslwdo h{shqglwxuhv lq wkh hgxfdwlrq vhfwru
zhuh yhu| orz +Uxwk Gdurhvpdq +4<:4,, dqg hquroophqw udwhv vhhphg wr eh ghfolqlqj lq wkh
hduo| 4<:3*v +Gdurhvpdq +4<:4,/ Zdug Khqhyhog +4<:;,,1
Wkh lghqwlfdwlrq vwudwhj| lq wklv sdshu xvhv wkh idfw wkdw h{srvxuh wr wkh vfkrro frqvwuxfwlrq
surjudp ydulhg e| uhjlrq ri eluwk dqg gdwh ri eluwk1 Vxevwdqwldo yduldwlrqv h{lvwhg lq surjudp
lqwhqvlw| dfurvv uhjlrqv/ gxh wr wkh jryhuqphqw*v hruwv wr doorfdwh pruh vfkrrov wr uhjlrqv zkhuh
lqlwldo hquroophqw zdv orz1 Wkhuhiruh/ wkh hgxfdwlrq ri lqglylgxdov zkr zhuh |rxqj hqrxjk wr eh
lq vfkrro zkhq wkh surjudp zdv odxqfkhg vkrxog eh kljkhu wkdq wkh hgxfdwlrq ri roghu lqglylgxdov
lq doo uhjlrqv/ exw wkh glhuhqfh vkrxog eh odujhu lq wkh uhjlrqv wkdw uhfhlyhg pruh vfkrrov1 L xvh
d glhuhqfh lq glhuhqfhv hvwlpdwru wkdw frqwurov iru +dgglwlyh, v|vwhpdwlf yduldwlrq ri hgxfdwlrq
erwk dfurvv uhjlrqv dqg dfurvv frkruwv1 Rqo| wkh frpelqdwlrq ri wkh wzr yduldwlrqv lv wuhdwhg
dv h{rjhqrxv1 Vlplodu vwudwhjlhv duh riwhq xvhg lq wkh sxeolf qdqfh olwhudwxuh wr hydoxdwh wkh
hhfwv ri sxeolf srolflhv1 Pdun U1 Urvhq}zhlj dqg Nhqqhwk L1 Zroslq +4<;;d, uvw sursrvhg
xvlqj {hg0hhfwv phwkrgv iru hydoxdwlqj wkh lpsdfw ri sxeolf surjudpv lq ghyhorslqj frxqwulhv/
zklfk zhuh dssolhg lq wkh Lqgrqhvldq frqwh{w e| Pdun Slww/ Urvhq}zhlj/ dqg Grqqd Jleerqv
+4<<6, dqg Sdxo Jhuwohu dqg Mrkq Z1 Pro|qhdx{ +4<<7,1 Wklv vfkrrolqj uhirup lv sduwlfxoduo|
zhoo vxlwhg iru {hg0hhfwv phwkrgv ehfdxvh wkh yduldwlrq lq lqsxwv frphv iurp d zhoo ghqhg
5uhirup1 Wklv pdnhv lw srvvleoh wr whvw dq lpsolfdwlrq ri wkh lghqwlfdwlrq dvvxpswlrq/ qdpho|
wkdw wkh frpelqdwlrq ri wkh yduldwlrq ryhu wlph dqg dfurvv uhjlrqv lv h{rjhqrxv1 L vkrz wkdw
dprqj hduo| frkruwv/ zkr glg qrw ehqhw iurp wkh surjudp ehfdxvh wkh| zhuh wrr rog wr dwwhqg
sulpdu| vfkrro zkhq lw vwduwhg +lqglylgxdov 45 ru roghu lq 4<:7,/ wkh lqfuhdvh lq hgxfdwlrqdo
dwwdlqphqw iurp rqh frkruw wr dqrwkhu lv qrw fruuhodwhg zlwk wkh qxpehu ri LQSUHV vfkrrov
shu fdslwd exlow iurp 4<:6 wr 4<:;1 Wkh vdph vwudwhj| lv xvhg wr hvwlpdwh wkh lpsdfw ri wklv
surjudp rq 4<<8 zdjhv1 Ilqdoo|/ L xvh wklv h{rjhqrxv vrxufh ri yduldwlrq lq hgxfdwlrq wr hvwlpdwh
wkh lpsdfw ri |hduv ri vfkrrolqj rq zdjhv1
Wkh txhvwlrq ri zkhwkhu dq lqfuhdvh lq hgxfdwlrqdo dwwdlqphqw fdxvhv dq lqfuhdvh lq lqfrph
ohyhov lv d edvlf frqfhuq iru ghyhorsphqw hfrqrplvwv1 D odujh erg| ri olwhudwxuh h{lvwv rq uhwxuqv
wr hgxfdwlrq lq ghyhorslqj frxqwulhv +vhh Jhrujh Svdfkdursrxorv +4<:6/ 4<;4/ 4<;8/ 4<<7,, iru
vxuyh|v,1 Hvwlpdwhg uhwxuqv duh/ lq jhqhudo/ odujhu lq ghyhorslqj frxqwulhv wkdq lq lqgxvwuldol}hg
frxqwulhv1 Vxusulvlqjo|/ krzhyhu/ yhu| olwwoh hruw kdv ehhq pdgh wr hvwlpdwh uhwxuqv wr hgxfdwlrq
xvlqj rqo| h{rjhqrxv yduldwlrqv lq vfkrrolqj1 Wkh eldv lq hvwlpdwhv wkdw wuhdw dq lqglylgxdo*v
hgxfdwlrq ohyho dv h{rjhqrxv lv olnho| wr eh lpsruwdqw lq ghyhorslqj frxqwulhv1 Lq sduwlfxodu/
oltxlglw| frqvwudlqwv dqg idplo| ru frppxqlw| edfnjurxqg duh olnho| wr lqxhqfh erwk hgxfdwlrq
dqg hduqlqjv1 Mhuh U1 Ehkupdq*v +4<<3, dvvhvvphqw ri wkh h{lvwlqj olwhudwxuh lv wkdw prvw
vwdqgdug hvwlpdwhv ri uhwxuqv wr hgxfdwlrq lq ghyhorslqj frxqwulhv duh olnho| wr ryhuvwdwh wkhp1
Mrkq Vwudxvv dqg Gxqfdq Wkrpdv +4<<8, uhylhz vhyhudo dgglwlrqdo duwlfohv dqg vxjjhvw wkdw
wkh hylghqfh lv lqfrqfoxvlyh dqg ghvhuyhv ixuwkhu vwxg|1 Krzhyhu/ lw lv glfxow wr qg vrxufhv
ri h{rjhqrxv yduldwlrq lq hgxfdwlrq1 Prvw idfwruv wkdw lqxhqfh hgxfdwlrq duh dovr olnho| wr
kdyh lqgluhfw hhfwv rq lqfrph1 Wklv lv fohduo| wuxh lq wkh fdvh ri idplo| edfnjurxqg yduldeohv
+h1j1/ dvvhwv dqg sduhqwdo hgxfdwlrq,/ zklfk duh riwhq xvhg dv lqvwuxphqwv ru lqfoxghg lq wkh
vhw ri lqvwuxphqwv rq wkh jurxqgv wkdw wkh| duh jrrg suhglfwruv ri hgxfdwlrq1 Li wkh frqfhuq lv
wkdw xqrevhuyhg idplo| dqg frppxqlw| edfnjurxqg fkdudfwhulvwlfv duh vrxufhv ri eldv lq ROV
hvwlpdwhv ri uhwxuqv wr hgxfdwlrq/ revhuyhg idplo| dqg frppxqlw| yduldeohv vkrxog eh hqwhuhg dv
fryduldwhv lq wkh zdjh htxdwlrq dqg duh qrw olnho| wr eh ydolg lqvwuxphqwv1 Wklv lv riwhq dovr wuxh
ri rwkhu srwhqwldo lqvwuxphqwv1 Iru h{dpsoh/ eluwk rughu kdv ehhq vkrzq wr dhfw hgxfdwlrq1
Exw lw dovr dhfwv khdowk/ zklfk lq wxuq dhfwv lqfrph1￿ Sur{lplw| ri sduhqwv uhvlghqfh wr
hgxfdwlrqdo idflolwlhv kdv ehhq xvhg dv dq lqvwuxphqw iru froohjh hgxfdwlrq lq wkh Xqlwhg Vwdwhv
+Gdylg Fdug +4<<6,> Wkrpdv M1 Ndqh dqg Fhflold H1 Urxvh +4<<8,,/ dqg |hduv ri vhfrqgdu|
6hgxfdwlrq lq wkh Sklolsslqhv +Mrkq Pdoxfflr +4<<;,,12 Wkhvh vwxglhv vxhu iurp wkh sureohp
rxwolqhg deryh1 Ghshqglqj rq krz vfkrrov duh doorfdwhg/ vfkrrolqj dqg zdjhv pljkw eh orzhu ru
kljkhu lq krxvhkrogv olylqj qhdu ru idu dzd| iurp d vfkrro/ hyhq li wkhuh lv qr fdxvdo hhfw ri wkh
sur{lplw| ri d vfkrro rq hgxfdwlrq1 Wklv sdshu h{sorlwv wkh h{rjhqrxv yduldwlrq lq hgxfdwlrq
fuhdwhg e| wkh LQSUHV surjudp wr frqvwuxfw lqvwuxphqwdo yduldeohv hvwlpdwhv ri wkh hhfw ri
hgxfdwlrq rq zdjhv1
Xvlqj d odujh furvv0vhfwlrq ri phq eruq ehwzhhq 4<83 dqg 4<:5 iurp wkh 4<<8 lqwhufhqvdo
vxuyh| ri Lqgrqhvld +VXSDV,/ L olqnhg dq dgxow*v hgxfdwlrq dqg zdjhv zlwk glvwulfw0ohyho gdwd
rq wkh qxpehu ri qhz vfkrrov exlow ehwzhhq 4<:6~:7 dqg 4<:;~:< lq klv uhjlrq ri eluwk1 Wkh
h{rjhqrxv yduldeohv +dqg wkh lqvwuxphqwv lq wkh zdjh htxdwlrq, duh lqwhudfwlrqv ehwzhhq gxpp|
yduldeohv lqglfdwlqj wkh djh ri wkh lqglylgxdo lq 4<:7 dqg wkh lqwhqvlw| ri wkh surjudp lq klv
uhjlrq ri eluwk ehwzhhq 4<:6 dqg 4<:;1 Vlplodu vwudwhjlhv kdyh ehhq xvhg wr hvwlpdwh wkh hhfw
ri vfkrro txdolw| rq uhwxuqv wr hgxfdwlrq +Fdug dqg Dqqh Nuxhjhu +4<<5,,/ wkh hhfw ri whhq
ihuwlolw| rq hgxfdwlrqdo dqg oderu pdunhw rxwfrphv +Mrvkxd Dqjulvw dqg Z1Q1 Hydqv +4<<9,,/
dqg wkh hhfw ri froohjh hgxfdwlrq rq hduqlqjv +Fdug dqg Wkrpdv Ohplhx{ + 4<<;,,1
Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq L/ L ghvfuleh wkh LQSUHV
surjudp dqg wkh gdwd1 Lq vhfwlrq LL/ L suhvhqw wkh lghqwlfdwlrq vwudwhj| dqg glvfxvv wkh lghq0
wlfdwlrq dvvxpswlrq xvlqj d vlpsoh prgho ri hqgrjhqrxv vfkrrolqj1 Lq vhfwlrq LLL/ L suhvhqw
wkh hvwlpdwhg lpsdfw ri wkh surjudp rq hgxfdwlrq1 Vhfwlrq LY lv ghyrwhg wr wkh hvwlpdwlrq ri
wkh hhfw ri wkh surjudp rq zdjhv1 Lq vhfwlrq Y/ L hvwlpdwh hfrqrplf uhwxuqv wr hgxfdwlrq1 Lq
vhfwlrq YL/ L frpelqh wkh hvwlpdwhv ri wkh surjudp hhfw rq zdjhv zlwk ghwdlohg gdwd rq wkh frvw
ri hgxfdwlrq lq Lqgrqhvld wr suhvhqw d whqwdwlyh frvw0ehqhw dqdo|vlv ri wkh surjudp1 Vhfwlrq
YLL frqfoxghv wkh sdshu1
L1 Wkh Surjudp
D1 Gdwd
Wkh 4<<8 lqwhufhqvdo vxuyh| ri Lqgrqhvld lv d vdpsoh ri ryhu 533/333 krxvhkrogv1 Lw lv frqgxfwhg
hyhu| whq |hduv e| wkh Fhqwudo Exuhdx ri Vwdwlvwlfv ri Lqgrqhvld1 Edvlf gdwd lv froohfwhg rq hdfk
lqglylgxdo lq wkh krxvhkrog1 Lq wklv vwxg|/ L irfxv rq phq eruq ehwzhhq 4<83 dqg 4<:5 +zklfk
hqvxuhv wkdw wkh lqglylgxdov lq wkh vdpsoh kdyh frpsohwhg wkhlu hgxfdwlrq,1 Vxppdu| vwdwlvwlfv
7iru wklv vdpsoh duh suhvhqwhg lq wdeoh 4/ sdqho D1 Wkhuh duh 485/<;< lqglylgxdov lq wkh vdpsoh/
zlwk dq dyhudjh ohyho ri :1<; |hduv ri frpsohwhg hgxfdwlrq +9 |hduv ri hgxfdwlrq fruuhvsrqg wr
judgxdwlrq iurp sulpdu| vfkrro,1 Wkh VXSDV froohfwv gdwd rq odvw prqwk*v zdjh iru shrsoh zkr
duh zrunlqj iru sd|1 Iurp wklv/ L fdofxodwh dq krxuo| zdjh e| glylglqj wkh prqwko| zdjh e| wkh
qxpehu ri krxuv zrunhg gxulqj wkh prqwk1 L hvwlpdwh wkh hhfwv ri wkh surjudp rq hgxfdwlrq
xvlqj wkh frpsohwh vdpsoh/ exw wkh zdjh htxdwlrq lv hvwlpdwhg xvlqj wkh vdpsoh ri lqglylgxdov
zkr zrun iru d zdjh/ zklfk kdv rqo| 93/966 lqglylgxdov +vdpsoh vhohfwlrq lvvxhv duh h{dplqhg
ehorz,1
Wkh VXSDV dvnv lq zklfk glvwulfw wkh lqglylgxdo zdv eruq1 L xvh wklv lqirupdwlrq wr pdwfk
wkh lqglylgxdo vxuyh| gdwd zlwk glvwulfw0ohyho gdwd +shuwdlqlqj wr wkh vlwxdwlrq lq wkh glvwulfw
lq wkh 4<:3*v, froohfwhg iurp ydulrxv vrxufhv= Plqlvwu| ri Hgxfdwlrq dqg Fxowxuh/ suhvlghqwldo
lqvwuxfwlrqv sxeolvkhg e| wkh Edsshqdv +wkh Sodqqlqj Djhqf|,/ dqg sxeolvkhg uhvxowv iurp wkh
4<:4 fhqvxv1￿ Glvwulfw0ohyho ghvfulswlyh vwdwlvwlfv duh suhvhqwhg lq wdeoh 4/ sdqho E1
E1 Wkh Vhnrodk Gdvdu LQSUHV Surjudp
Vlqfh 4<:6/ wkh _suhvlghqwldo lqvwuxfwlrqv% +LQSUHV, kdyh ehhq wkh pdlq fhqwudoo| frqwuroohg
vfdo phfkdqlvp ghwhuplqlqj vsdwldo uhglvwulexwlrq ri wkh djjuhjdwh jdlqv wr Lqgrqhvld iurp wkh
rlo errp +Pduwlq Udydoolrq +4<;;,,1 Ryhu wkh |hduv/ wkh vfkhph kdv hyroyhg lqwr d frpsoh{
v|vwhp ri judqwv iru ydulrxv sxusrvhv/ vxfk dv exloglqj vfkrrov/ khdowk folqlfv/ dqg urdgv/ dv zhoo
dv pruh urxwlqh jryhuqphqw vshqglqj1
Wkh Vhnrodk Gdvdu LQSUHV surjudp zdv rqh ri wkh uvw LQSUHV surjudpv dqg wkh odujhvw
dw wkh wlph lw zdv odxqfkhg +lq 4<:6~:7,1 Gxulqj wkh uvw Lqgrqhvldq yh0|hdu sodq/ wkh hp0
skdvlv zdv rq edvlf lqiudvwuxfwxuh dqg vhfwrudo ghyhorsphqw1 Djulfxowxuh/ lqgxvwu|2plqlqj/ dqg
frppxqlfdwlrq devruehg :3 shufhqw ri wkh ghyhorsphqw exgjhw +Kdo Kloo +4<<9,,1 Dw wkh rxwvhw
ri wkh vhfrqg yh0|hdu sodq/ zklfk hpskdvl}hg wkh qhhg iru htxlw|/ fkdqjlqj sulrulwlhv zhuh
hylghqw1 Uhjlrqdo ghyhorsphqw ehfdph dq lpsruwdqw lwhp +devruelqj 48 shufhqw ri wkh exgjhw,1
Wkh Vhnrodk Gdvdu LQSUHV surjudp uhsuhvhqwhg/ lq wxuq/ 45 shufhqw ri wkh uhjlrqdo ghyhors0
phqw exgjhw lq 4<:6 dqg 5; shufhqw lq 4<:< +iru frpsdulvrq/ khdowk h{shqglwxuhv uhsuhvhqwhg
rqo| 617 shufhqw ri wkh exgjhw iru uhjlrqdo ghyhorsphqw lq 4<:6 +dqg 818 shufhqw lq 4<:<,,1e Wkh
exgjhw lwvhoi/ wkdqnv wr wkh rlo errp/ h{sdqghg yhu| udslgo| gxulqj wklv shulrg1 Uhdo h{shqgl0
wxuhv pruh wkdq grxeohg ehwzhhq 4<:6 dqg 4<;3 zkloh wkh vkduh ri rlo lq jryhuqphqw uhyhqxhv
8juhz iurp 58 shufhqw lq 4<:4 wr 7; shufhqw lq 4<:7 dqg shdnhg dw 95 shufhqw lq 4<;41 Gxh wr
wkh frpelqdwlrq ri wkhvh wzr idfwruv +fkdqjh lq sulrulw| dqg lqfuhdvh lq uhyhqxhv,/ wkh Vhnrodk
Gdvdu LQSUHV surjudp ehfdph h{wuhpho| lpsruwdqw1
Edvlf gdwd derxw wkh surjudp lv suhvhqwhg lq wdeoh 4/ sdqho E1 Ehwzhhq 4<:6~:7 dqg 4<:;~:</
94/;3: qhz exloglqjv zhuh frqvwuxfwhg1D Wklv uhsuhvhqwhg dssur{lpdwho| 555 qhz vfkrrov +dqg
999 qhz whdfkhuv, shu glvwulfw ru ryhu rqh vfkrro shu hyhu| 833 fkloguhq djhg 8 wr 47 lq 4<:41
Wklv dprxqwhg wr grxeoh wkh qxpehu ri h{lvwlqj vfkrro exloglqjv1 Krzhyhu/ vlqfh wkh LQSUHV
vfkrrov zhuh vpdoohu wkdq prvw h{lvwlqj vfkrrov +wkuhh whdfkhuv,/ wkh lqfuhdvh lq wkh qxpehu ri
whdfkhuv zdv rqo| 76 shufhqw1S Sulru wr 4<:6/ lq frqwudvw/ yhu| ihz vfkrrov zhuh frqvwuxfwhg1
Wkhuh zdv d frpsohwh edq rq wkh uhfuxlwphqw ri qhz flylo vhuydqwv1 Vrph qhzo| wudlqhg whdfkhuv
frxog qrw qg hpsor|phqw +Gdurhvpdq +4<:4,,1
Rqfh dq LQSUHV vfkrro zdv hvwdeolvkhg/ wkh fhqwudo jryhuqphqw uhfuxlwhg wkh whdfkhuv dqg
sdlg wkhlu vdodulhv +hdfk vfkrro zdv ghvljqhg iru wkuhh whdfkhuv dqg 453 sxslov,1 Wkh plqlpxp
uhtxluhphqw wr eh d sulpdu| vfkrro whdfkhu zdv dq xsshu vhfrqgdu| vfkrro ghjuhh/ jhqhudoo|
rewdlqhg lq d vshfldo wudlqlqj vfkrro1 Lq 4<:4/ :4 shufhqw ri wkh sulpdu| vfkrro whdfkhuv phw wklv
txdolfdwlrq/ zkloh 5< shufhqw zhuh xqghutxdolhg1 Dq hruw wr wudlq pruh whdfkhuv sdudoohohg
wkh LQSUHV surjudp +Zruog Edqn +4<<3e,,1
Wkh surjudp zdv ghvljqhg h{solflwo| wr wdujhw fkloguhq zkr kdg qrw suhylrxvo| ehhq hq0
uroohg lq vfkrro/ dqg d vhsdudwh exgjhw zdv ghvljqhg iru wkh uhkdelolwdwlrq ri h{lvwlqj uxq0grzq
exloglqjv +Khqhyhog +4<:;,,1 Wkh glvwulexwlrq ri ixqgv lv ghvfulehg lq ghwdlohg jryhuqphqwdo lq0
vwuxfwlrqv +wkh _suhvlghqwldo lqvwuxfwlrqv%= +Edsshqdv 4<:6/ 4<:7/ 4<:8/ 4<:9/ 4<::/ 4<:;,,1 Doo
vfkrrov zhuh frqvwuxfwhg lghqwlfdoo|1 Wkh lqvwuxfwlrqv zhuh h{solflw derxw wkh doorfdwlrq uxoh1 Lq
4<:6~:7 dqg 4<:7~:8/ wkh qxpehu ri vfkrrov wr eh frqvwuxfwhg lq hdfk glvwulfw zdv sursruwlrqdo
wr wkh qxpehu ri fkloguhq ri sulpdu| vfkrro djh qrw hquroohg lq vfkrro lq 4<:51 Iurp 4<:8~:9
rq/ wkh uxoh zdv vshoohg rxw voljkwo| glhuhqwo| exw kdg vlplodu lpsolfdwlrqv= wkh qxpehu ri
vfkrrov wr eh frqvwuxfwhg zdv sursruwlrqdo wr wkh qxpehu ri qhz sxslov wr eh dffrpprgdwhg
ehwzhhq 4<:5 dqg 4<:; lq wkh uhjlrq wr vdwlvi| wkh wdujhw hquroophqw udwh ri ;8 shufhqw lq 4<:;1
Pruh vfkrrov zhuh doorfdwhg wr wkh wudqvpljudwlrq uhjlrqv1. Wkh qdo doorfdwlrq zdv ghflghg
e| sodqqhuv lq wkh Plqlvwu| ri Hgxfdwlrq dqg Fxowxuh/ zlwk wkh dssurydo ri wkh Ghsduwphqw ri
Ilqdqfh dqg wkh Edsshqdv/ wkh dgplqlvwudwlrq uhvsrqvleoh iru wkh qdo lpsohphqwdwlrq ri wkh
surjudp1 Ixqgv zhuh wkhq vhqw wkurxjk wkh jryhuqru*v rfh wr wkh orfdo dgplqlvwudwlrqv/ zkr
9vxshuylvhg wkh dfwxdo frqvwuxfwlrq1 Wkh lqvwuxfwlrqv olvwhg wkh h{dfw qxpehu ri vfkrrov wr eh
frqvwuxfwhg lq hdfk glvwulfw +ndexsdwhq2nrwdpdg|d,1
L xvh wklv sodqqhg qxpehu lq p| dqdo|vlv/ udwkhu wkdq wkh dfwxdo qxpehu ri vfkrrov frq0
vwuxfwhg/ zklfk lv qrw dydlodeoh1 Lq 4<;6/ wkh Plqlvwu| ri Hgxfdwlrq dqg Fxowxuh frqgxfwhg d
vxuyh| ri wkh lpsohphqwdwlrq ri wkh surjudp iurp 4<:6 wr 4<;61 Dffruglqj wr wklv vwxg|/ wkh
dfwxdo qxpehu ri vfkrrov frqvwuxfwhg pdwfkhg wkh sodqv xqwlo 4<;31 Vrph glvfuhsdqf| rffxuv
wkhuhdiwhu1 Wkh Plqlvwu| ri Hgxfdwlrq dqg Fxowxuh kdv dovr sxeolvkhg gdwd rq wkh qxpehu ri
vfkrrov rshudwlqj lq 4<:6~:7 dqg 4<:;~:<1 Wklv gdwd vxjjhvwv wkdw wkh dfwxdo lqfuhdvh lq wkh
qxpehu ri ixqfwlrqlqj vfkrrov zdv orzhu wkdq wkh qxpehu ri vfkrrov frqvwuxfwhg ehwzhhq 4<:6~
:7 dqg 4<::~:; xqghu wkh LQSUHV surjudp1 Rqh uhdvrq lv wkdw sulru wr 4<:6/ vhyhudo vfkrrov
zhuh iuhtxhqwo| rshudwlqj lq wkh vdph exloglqj +dv vrrq dv d vfkrro kdg pruh wkdq rqh fodvv shu
judgh/ lw ehfdph wzr vfkrrov/ zlwk vhsdudwh khdg0whdfkhuv dqg dgplqlvwudwlyh vwdwxv,1 Vfkrro
e x l o g l q j vl qx u e d qd u h d vf r x o gr s h u d w hl qd vp d q |d vi r x uv k l i w vdg d |+ G d u r h v p d q+ 4 < : 4 , , 1L w
lv txlwh srvvleoh wkdw vrph qhz exloglqjv zhuh xvhg wr uhgxfh ryhufurzglqj lq wkh rog rqhv1
Frqvlvwhqw zlwk wklv/ wkh dyhudjh lqfuhdvh lq wkh qxpehu ri whdfkhuv lpsolhg e| wkh doorfdwlrq ri
LQSUHV vfkrrov lv yhu| forvh wr wkh lqfuhdvh lq wkh dfwxdo qxpehu ri whdfkhuv uhfrughg e| wkh
Plqlvwu| ri Hgxfdwlrq1
Xvlqj wklv gdwd/ L uvw fkhfnhg zkhwkhu wkh dfwxdo doorfdwlrq ghflghg xsrq e| wkh Plqlvwu|
ri Hgxfdwlrq fruuhvsrqgv wr wkh vwdwhg doorfdwlrq uxoh1 L xvhg wkh Plqlvwu| gdwd rq wkh qxpehu
ri fkloguhq hquroohg lq vfkrro lq wkh vfkrro |hdu 4<:6~4<:7 wr frqvwuxfw dq hvwlpdwh ri udwh ri
qrqhquroophqw lq 4<:6~:7 dprqj fkloguhq djhg 8 wr 47 |hduv rog1H Wdeoh 5 suhvhqwv wkh uhvxowv
ri d uhjuhvvlrq ri wkh orjdulwkp ri wkh qxpehu ri LQSUHV vfkrrov frqvwuxfwhg lq hdfk uhjlrq rq
wkh orjdulwkp ri wkh qrqhquroophqw udwh dqg wkh orjdulwkp ri wkh qxpehu ri fkloguhq1 Wkh dfwxdo
uxoh zrxog suhglfw wkdw erwk frhflhqwv vkrxog eh forvh wr rqh1 Wkh orjdulwkp ri wkh qxpehu
ri vfkrrov exlow lq hdfk uhjlrq ehwzhhq 4<:6~:7 dqg 4<:;~:< lv srvlwlyho| fruuhodwhg zlwk wkh
orjdulwkp ri wkh qxpehu ri fkloguhq dqg zlwk wkh orjdulwkp ri rqh plqxv wkh hquroophqw udwh1b
D vxevwdqwldo sduw ri wkh yduldwlrq ehwzhhq uhjlrqv lv h{sodlqhg e| wkhvh wzr idfwruv dorqh= wkh
U0vtxduhg lv 31:;1 Wkh frhflhqw ri wkh qrqhquroophqw udwh lv/ krzhyhu/ qrw htxdo wr rqh1 Wklv
pljkw eh h{sodlqhg e| phdvxuhphqw huuru lq wkh hquroophqw phdvxuh/ dqg e| wkh idfw wkdw L
gr qrw xvh wkh dfwxdo irupxod/ zklfk zdv qrqolqhdu +uhjlrqv wkdw kdg dq hquroophqw udwh ri ;8
shufhqw lq 4<:5 zhuh qrw vxssrvhg wr jhw dq| vfkrrov,1 Ilqdoo|/ wkh lpsohphqwdwlrq ri vxfk d
:pdvvlyh surjudp lq d frxqwu| dv odujh dqg khwhurjhqrxv dv Lqgrqhvld zdv erxqg wr lqyroyh vrph
ghyldwlrq iurp wkh jhqhudo uxoh1
LLL1 Lghqwlfdwlrq Vwudwhj|
D1 Vrxufhv ri Yduldwlrq
Wkh gdwh ri eluwk dqg wkh uhjlrq ri eluwk mrlqwo| ghwhuplqh dq lqglylgxdo*v h{srvxuh wr wkh
surjudp1 D fklog eruq lq 4<95 ru ehiruh zdv 45 ru roghu lq 4<:7/ zkhq wkh uvw LQSUHV vfkrrov
zhuh frqvwuxfwhg1 Lqgrqhvldq fkloguhq qrupdoo| dwwhqg sulpdu| vfkrro ehwzhhq wkh djhv ri :
dqg 451 Wkxv/ d fklog djhg 45 ru roghu lq 4<:7 qrupdoo| glg qrw ehqhw iurp wkh surjudp/
vlqfh kh vkrxog kdyh ohiw sulpdu| vfkrro ehiruh wkh vfkrro |hdu 4<:7~:8/ zkhq wkh uvw LQSUHV
vfkrrov +exlow lq 4<:6~:7, zhuh rshqhg1 Judgh uhshwlwlrq dqg ghod|hg vfkrro hqwu| frxog ohdg
d ihz ri wkhvh fkloguhq wr ehqhw iurp wkh surjudp iru wkhlu odvw |hdu lq vfkrro +zklfk zrxog
ohdg wr grzqzdug eldv lq wkh hvwlpdwlrq li wkh| duh plvwdnhqo| frqvlghuhg dv qrqwuhdwhg,1￿f
Krzhyhu/ wkh h{srvxuh ri fkloguhq djhg 45 ru roghu lq 4<:7 lv yhu| olplwhg1 Dffruglqj wr wkh
4<<6 Lqgrqhvldq Idplo| Olih Vxuyh| +LIOV, gdwd vhw +frqgxfwhg lq 4<<6 e| UDQG dqg wkh
Ghprjudsklf Lqvwlwxwh dw wkh Xqlyhuvlw| ri Lqgrqhvld,/ ohvv wkdq 6 shufhqw ri wkhvh fkloguhq zhuh
vwloo lq sulpdu| vfkrro lq 4<:7 +wkh vfkrrov zhuh rshqhg lq wkh vhfrqg kdoi ri 4<:7,1 D fklog
eruq lq 4<9; zdv 9 lq 4<:7 dqg 44 lq 4<:<1 Kh zdv h{srvhg wr wkh uvw zdyh ri frqvwuxfwlrq
zkloh kh zdv ri sulpdu| vfkrro djh exw rqo| sduwo| wr wkh qh{w zdyhv1 D fklog eruq lq 4<:5 zdv
ixoo| h{srvhg1 Lq vxppdu|/ fkloguhq 45 ru roghu lq 4<:7 zhuh qrw h{srvhg wr wkh surjudp dqg
iru |rxqjhu fkloguhq wkh h{srvxuh lv ghfuhdvlqj zlwk wkhlu djh lq 4<:71 Dv d uhvxow/ wkh hhfw ri
wkh surjudp vkrxog eh 3 iru fkloguhq 45 ru roghu lq 4<:7 dqg lqfuhdvlqj iru |rxqjhu fkloguhq1
Wkh lqwhqvlw| ri wkh surjudp ydulhg dfurvv uhjlrqv1 Wkh uhjlrq ri eluwk lv kljko| fruuhodwhg
zlwk wkh uhjlrq ri hgxfdwlrq1 <418 shufhqw ri wkh fkloguhq lq wkh LIOV vdpsoh/ zhuh vwloo olylqj lq
wkh glvwulfw wkh| zhuh eruq lq dw djh 451 Pljudwlrq lqwurgxfhv phdvxuhphqw huuru/ zklfk ohdgv
wr grzqzdug eldv lq wkh hvwlpdwlrq ri wkh surjudp hhfw1 Krzhyhu/ hqgrjhqrxv pljudwlrq frxog
eldv hvwlpdwhv ri surjudp hhfwv rewdlqhg e| frpsdulqj rxwfrphv dffruglqj wr wkh lqglylgxdo*v
uhjlrq ri hgxfdwlrq +Urvhq}zhlj dqg Zroslq +4<;;e,,1 Vrph idplolhv pljkw kdyh pryhg ehwzhhq
wkh eluwk ri d fklog dqg klv hgxfdwlrq shulrg wr ehqhw iurp wkh surjudp1 Uhjlrq ri eluwk/ rq wkh
rwkhu kdqg/ lv qrw hqgrjhqrxv zlwk uhvshfw wr wkh surjudp/ vlqfh doo lqglylgxdov lq wkh vdpsoh
;zhuh eruq ehiruh wkh surjudp zdv vwduwhg1 Wkhuhiruh/ wkh sduhqwv frxog qrw kdyh pryhg wr wkh
kljk surjudp uhjlrqv ehiruh wkh eluwk ri wkh fklog wr ehqhw iurp wkh surjudp1￿￿
Wkxv/ wkh edvlf lghd ehklqg wkh lghqwlfdwlrq vwudwhj| fdq eh looxvwudwhg xvlqj vlpsoh wzr0
e|0wzr wdeohv1 Lq wdeoh 6/ L suhvhqw uhvxowv wkdw looxvwudwh wkh lghqwlfdwlrq vwudwhj| dqg d whvw ri
dq lpsolfdwlrq ri wkh lghqwli|lqj dvvxpswlrq1 Wkhvh uhvxowv duh lpsuhflvh/ gxh wr wkh idfw wkdw
rqo| d vpdoo sduw ri wkh dydlodeoh lqirupdwlrq lv xvhg1 Wkh| duh surylghg dv dq looxvwudwlrq ri
wkh lghqwlfdwlrq vwudwhj|1 Wklv wdeoh vkrzv phdqv ri hgxfdwlrq dqg zdjhv iru glhuhqw frkruwv
dqg surjudp ohyhov1￿2 Lq wdeoh 4/ L lqglfdwh wkh surjudp lqwhqvlw| lq erwk w|shv ri uhjlrqv1 Lq
kljk surjudp uhjlrqv dq dyhudjh ri 5177 vfkrrov shu 4/333 fkloguhq zhuh exlow> lq orz surjudp
uhjlrqv/ dq dyhudjh ri 4187 vfkrrov shu 4/333 fkloguhq zhuh exlow1 Wkh glhuhqfh zdv 31<3 vfkrro
shu 4/333 fkloguhq1 Lq wdeoh 6/ sdqho D/ L suhvhqw wkh pdlq h{shulphqw1 L frpsduh wkh hgxfdwlrqdo
dwwdlqphqw dqg wkh zdjhv ri lqglylgxdov zkr kdg olwwoh ru qr h{srvxuh wr wkh surjudp +wkh|
zhuh 45 wr 4: lq 4<:7, wr wkrvh ri lqglylgxdov zkr zhuh h{srvhg doo wkh wlph wkh| zhuh lq
sulpdu| vfkrro +wkh| zhuh 5 wr 9 lq 4<:7,/ lq erwk w|shv ri uhjlrqv1 Wkh surjudp surylvlrq wkdw
pruh vfkrrov zrxog eh exlow lq orzhu hquroophqw uhjlrqv lv uhhfwhg lq wkh glhuhqfhv ehwzhhq wkh
hgxfdwlrq lq orz dqg kljk surjudp uhjlrqv1 Lq erwk frkruwv/ wkh dyhudjh hgxfdwlrqdo dwwdlqphqw
dqg zdjhv lq uhjlrqv wkdw uhfhlyhg ihzhu vfkrrov duh kljkhu wkdq lq uhjlrqv wkdw uhfhlyhg pruh
vfkrrov1 Lq erwk w|shv ri uhjlrqv/ dyhudjh hgxfdwlrqdo dwwdlqphqw lqfuhdvhg ryhu wlph1 Krzhyhu/
lw lqfuhdvhg pruh lq uhjlrqv wkdw uhfhlyhg pruh vfkrrov1 Wkh glhuhqfh lq wkhvh glhuhqfhv fdq eh
lqwhusuhwhg dv wkh fdxvdo hhfw ri wkh surjudp/ xqghu wkh dvvxpswlrq wkdw/ lq wkh devhqfh ri wkh
surjudp/ wkh lqfuhdvh lq hgxfdwlrqdo dwwdlqphqw zrxog qrw kdyh ehhq v|vwhpdwlfdoo| glhuhqw
lq orz dqg kljk surjudp uhjlrqv1 Dq lqglylgxdo |rxqj hqrxjk/ eruq lq d kljk surjudp uhjlrq/
uhfhlyhg rq dyhudjh 3145 pruh |hduv ri hgxfdwlrq/ dqg wkh orjdulwkp ri klv zdjh lq 4<<8 zdv
31359 kljkhu1 Wkhvh glhuhqfhv lq glhuhqfhv duh qrw vljqlfdqwo| glhuhqw iurp 31 Wklv vlpsoh
hvwlpdwru vxjjhvwv wkdw rqh vfkrro shu 4/333 fkloguhq frqwulexwhg wr lqfuhdvh hgxfdwlrq e| 3146
|hduv +3145 glylghg e| 31<3, dqg zdjhv e| 3135< iru fkloguhq djhg 5 wr 9 zkhq wkh surjudp zdv
lqlwldwhg1 Wkh Zdog hvwlpdwh +d vlpsoh exw lpsuhflvh lqvwuxphqwdo yduldeohv hvwlpdwru, ri
uhwxuqv wr hgxfdwlrq lv wkh udwlr ri wkhvh wzr hvwlpdwhv1
Wklv glhuhqfh lq glhuhqfhv hvwlpdwru lv frpsdudeoh wr wkh {hg0hhfw surfhgxuh sursrvhg
iru wkh hydoxdwlrq ri vrfldo surjudpv lq ghyhorslqj frxqwulhv1￿￿ Dv Vwudxvv dqg Wkrpdv +4<<8,
<srlqw rxw lq wkhlu dvvhvvphqw ri wkh dssurdfk dgrswhg e| wkhvh sdshuv/ wkh lghqwlfdwlrq dv0
vxpswlrq vkrxog qrw eh wdnhq iru judqwhg= wkh sdwwhuq ri lqfuhdvh lq hgxfdwlrq frxog ydu|
v|vwhpdwlfdoo| dfurvv uhjlrqv1 Pruhryhu/ wkh vlpsoh glhuhqfhv +wkh glhuhqfhv lq hgxfdwlrq
dfurvv frkruwv dqg ehwzhhq uhjlrqv, duh odujh1 Wklv pdnhv wkh glhuhqfh lq glhuhqfhv vhqvlwlyh
wr dvvxpswlrqv derxw ixqfwlrqdo irup +Euxfh G1Ph|hu +4<<8,/ Mdphv M1 Khfnpdq +4<<9,,1 Lq
sduwlfxodu/ li wkh lqfuhdvh lq hgxfdwlrq zdv qhjdwlyho| fruuhodwhg zlwk lqlwldo ohyhov/ wklv sdwwhuq
zrxog eh revhuyhg lq wkh gdwd hyhq li wkh surjudp kdg qr hhfw1
Wkhuhiruh/ dq lqwhuhvwlqj dvshfw ri wklv h{shulphqw lv wkdw dq lpsolfdwlrq ri wkh lghqwlfd0
wlrq dvvxpswlrq fdq eh whvwhg1 Lqglylgxdov djhg 45 ru roghu lq 4<:7 zhuh qrw h{srvhg wr wkh
surjudp1 Wkhuhiruh/ lq wklv djh jurxs/ wkh lqfuhdvh lq hgxfdwlrq ehwzhhq frkruwv vkrxog qrw
glhu v|vwhpdwlfdoo| dfurvv uhjlrqv1 Wklv frqwuro h{shulphqw h{sorlwv wkh suhvhqfh ri pxowlsoh
frqwuro jurxsv iruphg e| wkh vxffhvvlyh frkruwv qrw h{srvhg wr wkh surjudp +vhh Khfnpdq dqg
Y1 Mrvhsk Krw} +4<;<, dqg Sdxo U1 Urvhqedxp +4<;:,,1
Lq wdeoh 6/ sdqho E/ L suhvhqw wklv frqwuro h{shulphqw1 L frqvlghu d frkruw djhg 4; wr 57
lq 4<:7 dqg d frkruw djhg 45 wr 4: lq 4<:71 Wkh hvwlpdwhg glhuhqfhv lq glhuhqfhv duh yhu|
forvh wr 31 Wkhvh uhvxowv surylgh vrph vxjjhvwlyh hylghqfh wkdw wkh glhuhqfhv lq glhuhqfhv
duh qrw gulyhq e| lqdssursuldwh lghqwlfdwlrq dvvxpswlrqv exw wkh glhuhqfhv lq glhuhqfhv duh
lpsuhflvho| hvwlpdwhg1 Lq sdqho E/ iru h{dpsoh/ wkh glhuhqfhv lq glhuhqfhv duh lqvljqlfdqwo|
glhuhqw iurp 3 exw dovr iurp wkh glhuhqfhv lq glhuhqfhv lq sdqho D1 Wkh uhpdlqghu ri wklv
sdshu zloo hoderudwh wklv vwudwhj| wr ohdg wr pruh frqylqflqj uhvxowv1
E1 Frqfhswxdo Iudphzrun
Lq wklv vxevhfwlrq/ L xvh d vlpsoh yhuvlrq ri wkh prgho ri hqgrjhqrxv vfkrrolqj ghyhorshg lq
Fdug +4<<8,/ zkr gudzv rq Jdu| Ehfnhu +4<9:,1 L h{whqg lw wr wdnh lqwr dffrxqw wkh jhqhudo
htxloleulxp lpsolfdwlrqv ri wkh surjudp/ vlqfh vxfk d odujh surjudp frxog kdyh dhfwhg wkh
uhwxuqv wr hgxfdwlrq1￿e
L zulwh dq lqglylgxdo*v xwlolw| lq wkh irup X+z>V,@oqz+V,  k+V,> zkhuh k+V,l vw k hf r v w
ri vfkrrolqj ixqfwlrq dqg z+V, lv wkh lqfrph ri dq lqglylgxdo zlwk vfkrrolqj V1I r o o r z l q jF d u g /
wkh pdujlqdo frvw ri vfkrrolqj lv zulwwhq k￿+V,@u￿￿& . !V1 L dvvxph wkdw uhwxuqv wr vfkrrolqj
duh olqhdu￿D
|￿￿& @ oqz￿￿& @ d￿￿& . e￿￿&V> +4,
43zkhuh |￿￿& lv wkh orjdulwkp ri wkh zdjh ri dq lqglylgxdo l/e r u ql qu h j l r qm/ lq frkruw n1





zkhuh H&e￿￿& ghqrwhv wkh h{shfwdwlrq ri ixwxuh uhwxuqv wr hgxfdwlrq dw d wlph zkhq wkh lqglylgxdo
pdnhv klv vfkrrolqj ghflvlrq1 Khwhurjhqhlw| lv prghohg dgglwlyho|= e￿￿& @ e￿& . ￿ dqg u￿￿& @
u￿& . $￿/z k h u he￿& lv wkh dyhudjh uhwxuqv wr hgxfdwlrq iru frkruw n/l qu h j l r qm/d q g￿ lv wkh
lqglylgxdo ghyldwlrq iurp wkh uhjlrqdo dyhudjh1
Wr fdswxuh wkh prvw lpsruwdqw prglfdwlrqv lqgxfhg e| wkh surjudp/ wkh frvw ri hgxfdwlrq
lv prghohg dv d olqhdu ixqfwlrq ri wkh qxpehu ri sulpdu| vfkrrov shu fdslwd +]￿&, dqg rwkhu
uhjlrqdo fkdudfwhulvwlfv qrw dhfwhg e| wkh surjudp +￿&,=
u￿& @ ￿]￿& . ￿& +6,
Uhwxuqv wr hgxfdwlrq duh lq wxuq dhfwhg e| wkh txdolw| ri hgxfdwlrq dqg wkh vxsso| dqg ghpdqg
iru vnloov1 L zulwh wkhp dv d olqhdu ixqfwlrq ri wkh dyhudjh hgxfdwlrq lq wkh uhjlrq +V￿,/ wkh dyhudjh
hgxfdwlrq lq wkh frxqwu| +V,/ wkh txdolw| ri vfkrrolqj lq wkh uhjlrq dw wkh wlph shrsoh uhfhlyhg
wkhlu hgxfdwlrq +t￿&,/ dqg uhjlrqdo hfrqrplf frqglwlrqv zklfk zloo ghwhuplqh wkh ghpdqg iru
vnloov lq wkh uhjlrq + ￿,=￿S
e￿& @5 ￿V￿ .5 2V . ￿t￿& .  ￿= +7,
Wkh surjudp gluhfwo| dhfwhg wkh frvw ri hgxfdwlrq dqg lqgluhfwo| lwv uhwxuqv/ gxh wr srwhqwldo
fkdqjhv lq vfkrro txdolw| dqg wr jhqhudo htxloleulxp hhfwv ri dq lqfuhdvh lq hgxfdwlrq rq wkh
sulfh ri vnloov1 Dvvxph +uhdolvwlfdoo|, wkdw wkh jhqhudwlrqv hgxfdwhg ehiruh wkh surjudp glg qrw
dqwlflsdwh lw zkhq fkrrvlqj wkhlu hgxfdwlrq ohyho +Hf]￿& @ ]￿f dqg Hft￿& @ t￿f,1 Wkhq wkh
lqfuhdvh lq dyhudjh hgxfdwlrq fdxvhg d uhgxfwlrq lq dfwxdo uhwxuqv wr hgxfdwlrq ri hyhu|erg| lq
wkh oderu pdunhw +htxdwlrq +7,,/ exw lw rqo| dhfwhg wkh h{shfwhg uhwxuqv ri wkh frkruwv h{srvhg
wr wkh surjudp1 Frqvlghu wkh dyhudjh hgxfdwlrq ri dq rog frkruw/ qrw h{srvhg wr wkh surjudp/
ghqrwhg 3/ dqg d |rxqjhu frkruw ri djh n lq 4<:7/ ghqrwhg n1 Dvvxplqj +wr vlpsoli| qrwdwlrq,/
wkdw wkhuh duh rqo| wzr frkruwv dqg wkdw wkh| kdyh wkh vdph vl}h/￿. L fdq frpsxwh wkh h{suhvvlrqv
iru wkhvh dyhudjhv lpsolhg e| wkh udwlrqdo h{shfwdwlrq htxloleulxp ri wklv prgho1￿H
Wkh glhuhqfh ehwzhhq wkhvh wzr dyhudjhv wdnhv wkh iroorzlqj irup=
V￿&  V￿f @ f . ￿+]￿&  ]￿f,.2+t￿&  t￿f,.￿> +8,
44zkhuh f lv d frqvwdqw whup wkdw lqfrusrudwhv wkh fkdqjhv lq wkh h{shfwhg dyhudjh hgxfdwlrq lq
wkh frxqwu|/ ￿ @  k￿
￿3q￿/ 2 @
q￿
￿3q￿/d q g￿ uhhfwv fkdqjhv lq doo rwkhu idfwruv dhfwlqj wkh
uhwxuqv dqg frvwv ri hgxfdwlrq1
Wkh lqfuhdvh lq wkh qxpehu ri sulpdu| vfkrrov shu fdslwd dydlodeoh ehwzhhq dq| frkruw dqg
wkh roghvw frkruw lq wkh vdpsoh lv d ixqfwlrq ri wkh wrwdo qxpehu ri LQSUHV vfkrrov shu fdslwd
f r q v w u x f w h gl qw k hu h j l r q /g h q r w h gS￿/ dqg wkh h{srvxuh ri wklv frkruw wr wkh surjudp/ ghqrwhg
h&> zklfk lv htxdo wr 3 iru qrqh{srvhg frkruwv +n juhdwhu wkdq 46,/ dqg wr 4 iru d ixoo| h{srvhg
frkruw+]￿&  ]￿￿ @ h&S￿,1 Wkh txdolw| ri vfkrrolqj lv qrw gluhfwo| revhuyhg1 L fdq fdswxuh
wkh srvvlelolw| wkdw wkh surjudp dhfwhg wkh txdolw| ri hgxfdwlrq e| zulwlqj wkh fkdqjh lq wkh
txdolw| ri vfkrrolqj dv= t￿& t￿f @ h&+S￿ .￿,1 L fdq/ wkhuhiruh/ zulwh wkh suhylrxv h{suhvvlrq
dv
V￿&  V￿f @ f .h&+￿ . ,S￿ . ￿
￿ +9,
Wkh vwudwhj| lpsohphqwhg lq wklv sdshu dprxqwv wr hvwlpdwlqj htxdwlrq +9, xvlqj zhljkwhg
ohdvw vtxduhv iru ydulrxv frkruwv1 Wkh vwuxfwxuh ri wkh surjudp lpsolhv wkdw frhflhqwv lq
htxdwlrq +9, vkrxog eh 3 iru nA461 Wklv uhvwulfwlrq zloo surylgh d whvw ri wkh lghqwlfdwlrq
dvvxpswlrq lq wklv sdshu/ zklfk lv wkdw wkhuh zhuh qr rwkhu uhjlrq0vshflf fkdqjhv lq wkh uhwxuqv
dqg frvwv ri hgxfdwlrq fruuhodwhg zlwk wkh surjudp1
Li hdfk uhjlrq lv dq lvrodwhg oderu pdunhw/ uhwxuqv wr hgxfdwlrq lq d jlyhq uhjlrq gr qrw
ghshqg rq wkh dyhudjh hgxfdwlrq lq rwkhu uhjlrqv +2 @ 3,/ dqg wkh frhflhqw ri S￿ lq htxdwlrq
+9, lv wkh uhgxfhg0irup hhfw ri wkh surjudp rq dyhudjh hgxfdwlrq +wdnlqj lqwr dffrxqw srwhqwldo
fkdqjhv lq txdolw| lqgxfhg e| wkh surjudp,1 Li/ rq wkh frqwudu|/ uhwxuqv wr hgxfdwlrq gr qrw
ghshqg rq wkh dyhudjh hgxfdwlrq lq wkh uhjlrq exw rqo| rq wkh dyhudjh hgxfdwlrq lq wkh frxqwu|
dv d zkroh +￿ @ 3,/ wkhq lw lghqwlhv e| krz pxfk wkh vxsso| ri hgxfdwhg oderu vkliwhg dv d
uhvsrqvh wr wkh surjudp +d ehkdylrudo sdudphwhu ri lqwhuhvw,1 Lq wkh prvw jhqhudo prgho/ L dp
deoh wr lghqwli| rqo| d pl{wxuh ri wkh wzr1
L fdq qrz xvh htxdwlrq +4, wr h{suhvv wkh dyhudjh ri wkh orjdulwkp ri wkh 4<<8 hduqlqjv iru
d jlyhq uhjlrq dqg frkruw dv iroorzv=
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45Xvlqj wkh ghqlwlrq ri e￿& +htxdwlrq +7,, dqg uhsodflqj V￿& +htxdwlrq +9,, / L jhw wkh iroorzlqj
h{suhvvlrq ri wkh glhuhqfh ehwzhhq wkh orjdulwkpv ri wkh 4<<8 zdjhv ri dq rog frkruw dqg d
|rxqjhu frkruw=
|￿&  |￿f @ d￿&  d￿f . h&+e￿ . ￿,S￿ . ￿> +;,
zkhuh e lv wkh dyhudjh uhwxuq wr hgxfdwlrq ri wkh frkruw hgxfdwhg lq wkh rog vfkrrov +l1h1/ ehiruh
dq| fkdqjh lq txdolw| gxh wr wkh surjudp,1 Wkh whup ￿ uhsuhvhqwv wkh ghyldwlrq ri uhjlrq0
vshflf uhwxuqv wr hgxfdwlrq iurp wkh qdwlrqdo dyhudjh1 Lw frxog eh uhodwhg wr surjudp lqwhqvlw|
iru wzr uhdvrqv1 Iluvw/ wkhuh lv d uhodwlrqvkls ehwzhhq wkh hgxfdwlrq lq wkh rog frkruw +zklfk
ghwhuplqhv/ wr d odujh h{whqw/ wkh surjudp sodfhphqw, dqg wkh uhjlrqdo uhwxuqv wr hgxfdwlrq +wklv
lv dq htxloleulxp uhodwlrqvkls dv lq htxdwlrqv +5, dqg +7,/ wkhuhiruh/ wkh vljq ri wkh fruuhodwlrq
lv xqfhuwdlq,1 Vhfrqg/ jhqhudo htxloleulxp hhfwv pd| fdxvh uhwxuqv wr hgxfdwlrq wr ghfuhdvh
pruh +dqg wkhuhiruh eh orzhu lq 4<<8, lq wkh uhjlrqv wkdw uhfhlyhg pruh vfkrrov1
Dv lq wkh fdvh ri hgxfdwlrq/ wkh lghqwlfdwlrq vwudwhj| lv wr hvwlpdwh htxdwlrq +;, iru ydulrxv
frkruwv1 L whvw zkhwkhu wkh frhflhqwv ri wkh surjudp duh htxdo wr 3 iru nA461 Wklv lv d whvw
ri wkh lghqwlfdwlrq dvvxpswlrqv wkdw uhjlrqdo fkdqjhv lq wkh lqwhufhsw ri wkh hduqlqj ixqfwlrq
duh xqfruuhodwhg zlwk wkh surjudp dqg wkdw uhjlrq0vshflf uhwxuqv gr qrw glhu lq d zd| wkdw
lv uhodwhg wr wkh surjudp lqwhqvlw|1 ￿b
Hvwlpdwlqj htxdwlrq +;, jlyhv xv wkh dyhudjh lpsdfw ri wkh surjudp rq sulydwh zdjhv gxh wr
wkh dyhudjh lqfuhdvh lq hgxfdwlrq dqg srwhqwldo fkdqjhv lq vfkrro txdolw|1 Zdjhv duh revhuyhg lq
4<<8/ diwhu uhwxuqv kdyh uhdfkhg wkhlu qhz htxloleulxp ohyho1 Wkhuhiruh/ wklv grhv qrw dffrxqw iru
wkh srwhqwldo orvv gxh wr wkh uhgxfwlrq lq uhwxuqv wr vfkrrolqj frplqj iurp jhqhudo htxloleulxp
hhfwv1 Li L dvvxph/ lq dgglwlrq/ wkdw  lv htxdo wr 3/ qdpho| wkdw wkh surjudp glg qrw dhfw
wkh txdolw| ri hgxfdwlrq/ wkh frhflhqw ri S￿ lq htxdwlrq +;, uhgxfhv wr h&e￿1 Dq hvwlpdwh ri e/
wkh dyhudjh uhwxuqv wr hgxfdwlrq/ fdq wkhq eh rewdlqhg e| glylglqj wkh frhflhqwv ri S￿ lq wkh
hgxfdwlrq htxdwlrq dqg lq wkh zdjh htxdwlrq1 Wklv lv d vlpsoh lqvwuxphqwdo yduldeohv hvwlpdwru
+lqgluhfw ohdvw vtxduhv,1 Wzr0vwdjh ohdvw vtxduhv hvwlpdwruv zloo eh suhvhqwhg lq vhfwlrq Y1 Lq
dgglwlrq/ li wkhuh lv d vxejurxs zkhuh ￿ lv nqrzq wr eh htxdo wr 3/ wkh frhflhqw ri S￿ lq
htxdwlrq +;, lq wklv vxejurxs jlyhv wkh sxuh txdolw| hhfw ri wkh surjudp rq hduqlqjv1 Wklv idfw
zloo eh xvhg wr whvw wkh dvvxpswlrq wkdw  lv lqghhg 31
Wr frqfoxgh/ qrwh wkdw wkh deryh dujxphqw lv ydolg xqghu wkh dvvxpswlrqv ri olqhdu lqglylgxdo
46khwhurjhqhlw| dqg uhwxuqv wr hgxfdwlrq1 Xqghu wkhvh dvvxpswlrqv/ fkdqjhv lq hgxfdwlrq fdxvhg
e| wkh surjudp duh qrw fruuhodwhg zlwk lqglylgxdo0vshflf uhwxuqv1 Li ! +wkh vhfrqg ghulydwlyh
ri wkh frvw ri vfkrrolqj ixqfwlrq, glhuhg dfurvv lqglylgxdov/ ru li uhwxuqv wr hgxfdwlrq zhuh qrw
olqhdu/ lqglylgxdo uhvsrqvhv wr wkh surjudp pljkw ghshqg rq uhwxuqv wr hgxfdwlrq1 Dq lqvwux0
phqwdo yduldeoh hvwlpdwru grhv qrw surylgh d frqvlvwhqw hvwlpdwru ri dyhudjh uhwxuqv wr hgxfdwlrq
lq wklv fdvh +vhh Khfnpdq dqg Uree +4<;8, dqg Fdug +4<<8/ 4<<<,,1 Dv vkrzq e| Dqjulvw dqg
Jxlgr Lpehqv +4<<7/ 4<<8, lq wkh fdvh ri d elqdu| lqvwuxphqw/ li wkh lqvwuxphqw vdwlvhv wkh wzr
dvvxpswlrqv ri lqghshqghqfh dqg prqrwrqlflw|/ wkh lqvwuxphqwdo yduldeoh hvwlpdwh lv d zhljkwhg
dyhudjh ri uhwxuqv wr hgxfdwlrq iru wkh lqglylgxdov zkr/ dv d uhvxow ri wkh surjudp/ fkdqjhg wkhlu
ohyho ri hgxfdwlrq1 Lw lv d fdxvdo sdudphwhu ri lqwhuhvw iru srolf| hydoxdwlrq/ vlqfh lw phdvxuhv
wkh uhwxuqv iru shrsoh dhfwhg e| wklv srolf|1
LLL1 Hhfw rq Hgxfdwlrq
D1 Edvlf Uhvxowv
L vwduw e| hvwlpdwlqj htxdwlrq +9, iru wzr odujh frkruwv1 Lq sudfwlfh/ L hvwlpdwh
V￿￿& @ f￿ . ￿￿ . ￿& .+ S￿  W￿,￿ .+ F￿  W￿,￿ . ￿￿& > +<,
zkhuh W￿ lv d _wuhdwphqw gxpp|% lqglfdwlqj zkhwkhu wkh lqglylgxdo ehorqjv wr wkh _|rxqj% +ru
wuhdwhg, frkruw lq wkh vxevdpsoh/ f￿ lv d frqvwdqw/ & lv d frkruw ri eluwk {hg hhfw/ ￿ lv d
glvwulfw ri eluwk {hg hhfw/ S￿ ghqrwhv wkh lqwhqvlw| ri wkh surjudp lq wkh uhjlrq ri eluwk/ dqg
F￿ lv d yhfwru ri uhjlrq vshflf yduldeohv12f
Lq wdeoh 7 +froxpqv 4 ~ 6,/ L suhvhqw hvwlpdwhv ri htxdwlrq +<, iru wzr vxevdpsohv1 Lq sdqho
D /Lf r p s d u hf k l o g u h qd j h g5w r9l q4 < : 7z l w kf k l o g u h qd j h g4 5w r4 :l q4 < : 7 1L qf r o x p q4 /L
frqwuro rqo| iru wkh lqwhudfwlrq ri d frkruw ri eluwk gxpp| dqg wkh srsxodwlrq djhg 8 wr 47 lq
4<:412￿ Wkh vxjjhvwhg hhfw lv wkdw rqh vfkrro exlow shu 4/333 fkloguhq lqfuhdvhg wkh hgxfdwlrq
ri wkh fkloguhq djhg 5 wr 9 lq 4<:7 e| 3145 |hduv iru wkh zkroh vdpsoh/ dqg 3153 |hduv iru wkh
vdpsoh ri zdjh hduqhuv1
Wklv uhvxow uholhv rq wkh lghqwlfdwlrq dvvxpswlrq wkdw wkhuh lv qr rplwwhg wlph0ydu|lqj dqg
uhjlrq vshflf hhfwv fruuhodwhg zlwk wkh surjudp1 Wkh doorfdwlrq ri vfkrrov wr hdfk uhjlrq zdv d
ixqfwlrq ri wkh hquroophqw udwh lq wkh uhjlrq lq 4<:51 Wkhuhiruh/ wklv dvvxpswlrq zloo eh ylrodwhg
47li fkdqjhv lq h{shfwhg dqg dfwxdo ghwhuplqdqwv ri uhwxuqv dqg frvwv ri hgxfdwlrq duh fruuhodwhg
zlwk lqlwldo ohyhov122 Pruhryhu/ lw zloo eh ylrodwhg li wkh doorfdwlrq ri rwkhu jryhuqphqwdo surjudpv
lqlwldwhg dv d uhvxow ri wkh rlo errp +dqg srwhqwldoo| dhfwlqj hgxfdwlrq, zdv fruuhodwhg zlwk wkh
doorfdwlrq ri LQSUHV vfkrrov1 Wkh lghqwlfdwlrq dvvxpswlrq pljkw/ wkhuhiruh/ eh vdwlvhg rqo|
diwhu frqwuroolqj iru wkhvh idfwruv1 Wkxv/ L suhvhqw vshflfdwlrqv wkdw frqwuro iru wkh lqwhudfwlrqv
ehwzhhq frkruw gxpplhv dqg wkh hquroophqw udwh lq wkh srsxodwlrq lq 4<:4/2￿ dv zhoo dv iru
lqwhudfwlrqv ehwzhhq frkruw gxpplhv dqg wkh doorfdwlrq ri wkh zdwhu dqg vdqlwdwlrq surjudp/ wkh
vhfrqg odujhvw LQSUHV surjudp fhqwudoo| dgplqlvwhuhg dw wkh wlph1 Frqwuroolqj iru hquroophqw
udwh dqg wkh zdwhu dqg vdqlwdwlrq surjudp pdnhv wkh hvwlpdwhv kljkhu +froxpqv 5 dqg 6,/
vxjjhvwlqj wkdw wkh hvwlpdwhv duh qrw eldvhg xszdug e| phdq uhyhuvlrq ru rplwwhg surjudpv1
Lq wdeoh 7/ sdqho E/ L vkrz wkh uhvxowv ri wkh frqwuro h{shulphqw +frpsdulqj wkh frkruw djhg
45 wr 4: wr wkh frkruw djhg 4; wr 57 lq 4<:7,1 Wkh lpsdfw ri wkh _surjudp% lv yhu| vpdoo dqg
qhyhu vljqlfdqw1 Wkh frhflhqwv duh vwdwlvwlfdoo| glhuhqw iurp wkh fruuhvsrqglqj frhflhqwv
lq sdqho D1
Iljxuh 4 sorwv wkh glhuhqfh lq hgxfdwlrq ehwzhhq wkh |rxqj dqg wkh rog frkruwv djdlqvw wkh
surjudp lqwhqvlw| lq hdfk uhjlrq1 Wkh uhjuhvvlrq olqh fruuhvsrqgv wr wkh zhljkwhg ohdvw vtxduhv
hvwlpdwh ri htxdwlrq +9, +wkh frhflhqwv duh suhvhqwhg lq wdeoh 7/ froxpq 4,1 L dovr sorwwhg
wkh nhuqho hvwlpdwru/ zklfk vkrzv wkdw wkh hhfw ri wkh surjudp rq hgxfdwlrq lv dssur{lpdwho|
olqhdu1 Wklv mxvwlhv wkh dvvxpswlrq ri olqhdulw| xvhg wr ghulyh htxdwlrq +9,1 Lq wkh frqwuro
h{shulphqw +sdqho E,/ wkh uhjuhvvlrq olqh dv zhoo dv wkh qrqsdudphwulf uhjuhvvlrq duh dw1
E1 Uhgxfhg0Irup Hylghqfh
Wkh lghqwlfdwlrq vwudwhj| glvfxvvhg lq wkh suhylrxv vhfwlrq fdq eh jhqhudol}hg wr dq lqwhudfwlrq
whupv dqdo|vlv1
Frqvlghu wkh iroorzlqj uhodwlrqvkls ehwzhhq wkh hgxfdwlrq +V￿￿&, ri dq lqglylgxdo l/ eruq lq
uhjlrq m/l q| h d un/ dqg klv h{srvxuh wr wkh surjudp=
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zkhuh g￿, lv d gxpp| wkdw lqglfdwhv zkhwkhu lqglylgxdo l lv ri djh o lq 4<:7 +d |hdu0ri0eluwk
gxpp|,1 Lq wkhvh xquhvwulfwhg hvwlpdwhv/ L phdvxuh wkh wlph glphqvlrq ri h{srvxuh wr wkh
48surjudp zlwk 55 djh gxpplhv +iru ehlqj 5 wr 56 lq 4<:7,1 Wkh rplwwhg gxpp| lv wkh gxpp|
iru ehlqj 57 lq 4<:7 +lqglylgxdov djhg 57 lq 4<:7 irup wkh frqwuro jurxs,1 Hdfk frhflhqw ￿,
fdq eh lqwhusuhwhg dv dq hvwlpdwh ri wkh lpsdfw ri wkh surjudp rq d jlyhq frkruw1 Wklv lv vlpso|
d jhqhudol}dwlrq ri htxdwlrq +9, wr hvwlpdwh frkruw0e|0frkruw frqwudvwv1 Ehfdxvh fkloguhq djhg
46 dqg roghu lq 4<:7 glg qrw ehqhw iurp wkh surjudp/ wkh frhflhqwv ￿, vkrxog eh 3 iru oA45
dqg vwduw lqfuhdvlqj iru o?vrph wkuhvkrog +wkh roghvw djh dw zklfk dq lqglylgxdo frxog kdyh
ehhq h{srvhg wr wkh surjudp dqg vwloo ehqhwhg iurp lw,1 Wkh rqo| d sulrul uhvwulfwlrq derxw
wklv wkuhvkrog lv wkdw lw lv vpdoohu wkdq 451
Wdeoh D4 suhvhqwv xquhvwulfwhg uhgxfhg0irup hvwlpdwhv ri wkuhh vshflfdwlrqv1 Wkhvh uhgxfhg0
irup hvwlpdwhv doorz ph wr fkhfn zkhwkhu wkh ￿, lq htxdwlrq +43, iroorzv wkh h{shfwhg sdwwhuq1
Lq jxuh 5/ L kdyh sorwwhg wkh ￿,12e Hdfk grw rq wkh vrolg olqh lv wkh frhflhqw ri wkh lqwhudf0
wlrq ehwzhhq d gxpp| iru ehlqj d jlyhq djh lq 4<:7 dqg wkh qxpehu ri vfkrrov frqvwuxfwhg shu
4/333 fkloguhq lq wkh uhjlrq ri eluwk +d <8 shufhqw frqghqfh lqwhuydo lv sorwwhg lq eurnhq olqhv,1
Hdfk grw vxppdul}hv wkh hhfw ri wkh ehwzhhq0uhjlrqv yduldwlrq lq surjudp lqwhqvlw| rq d jlyhq
frkruw1 Iru h{dpsoh/ d fklog djhg 9 lq 4<:7 uhfhlyhg 315 dgglwlrqdo |hduv ri hgxfdwlrq li kh zdv
eruq lq d uhjlrq wkdw uhfhlyhg rqh pruh LQSUHV vfkrrov shu 4/333 fkloguhq1 Wkhvh frhflhqwv
xfwxdwh durxqg 3 xqwlo djh 45 dqg vwduw lqfuhdvlqj diwhu djh 451 Dv h{shfwhg/ wkh surjudp kdg
qr hhfw rq wkh hgxfdwlrq ri frkruwv qrw h{srvhg wr lw/ dqg lw kdg d srvlwlyh hhfw rq wkh hgx0
fdwlrq ri |rxqjhu frkruwv1 Doo frhflhqwv duh vljqlfdqwo| glhuhqw iurp 3 diwhu djh ;1 Wr vkrz
pruh fohduo| wkh glvfrqwlqxlw| lq wkh wuhqg/ L sorwwhg lq jxuh 6e d vprrwkhu yhuvlrq ri wkh vdph
gdwd= iru hdfk o/ L sorwwhg wkh dyhudjh ri ￿,/ ,3￿/d q g,n￿1 Wkh frhflhqwv duh forvh wr 3 xqwlo
djh 44/ dqg wkhq wkh| lqfuhdvh vkduso|1 Wklv sdwwhuq lv vlplodu dfurvv vshflfdwlrqv1 Rplwwhg
fkdqjhv lq uhjlrqdo frqglwlrqv vkrxog kdyh dhfwhg wkh hgxfdwlrq ri vrph fkloguhq roghu wkdq
45 lq 4<:7 +iru h{dpsoh/ dq lqfuhdvh lq uhjlrqdo lqfrph zrxog kdyh dhfwhg mxqlru kljk vfkrro
hgxfdwlrq dw ohdvw dv pxfk dv sulpdu| hgxfdwlrq, dqg/ wkhuhiruh/ zrxog qrw jhqhudwh wkh vdph
sdwwhuq1 Iurp wkhvh judskv/ lw wkhuhiruh dsshduv wkdw wkh lghqwlfdwlrq vwudwhj| lv uhdvrqdeoh
dqg wkdw wkh surjudp kdg dq hhfw rq hgxfdwlrq1
49F1 Uhvwulfwhg Hvwlpdwlrq
Lqvwhdg ri whvwlqj zkhwkhu wkh ￿, duh htxdo wr 3 iru o  46/ rqh fdq lpsrvh wklv uhvwulfwlrq1 Wkh
htxdwlrq wr eh hvwlpdwhg lv wkhq
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Wkh rplwwhg jurxs +wkh frqwuro jurxs, lv qrz iruphg ri lqglylgxdov djhg 46 wr 57 lq 4<:71 Wklv
lv d pruh hflhqw zd| wr hvwlpdwh wkh surjudp hhfw dqg ohdgv wr pruh suhflvh hvwlpdwhv1
Froxpqv 4~6 lq wdeoh 8 vkrz wkh frhflhqwv ri wkh lqwhudfwlrqv ehwzhhq djh lq 4<:7 dqg
wkh lqwhqvlw| ri wkh surjudp lq wkh uhjlrq ri eluwk lq wkuhh vshflfdwlrqv lq wkh zkroh vdpsoh
+froxpqv 7~9 vkrz wkh vdph uhvxowv iru wkh vdpsoh ri zdjh hduqhuv,1 Lq doo froxpqv/ wkh hvwlpdwhg
hhfw lv srvlwlyh diwhu djh 431 Doo frhflhqwv duh vljqlfdqwo| juhdwhu wkdq 3 diwhu djh ;1 Doo
vhwv ri lqwhudfwlrqv duh vwdwlvwlfdoo| glhuhqw iurp 3 +wkh I0vwdwlvwlf iru wkh qxoo k|srwkhvlv lv
suhvhqwhg dw wkh erwwrp ri wkh wdeoh,1 Wkh frhflhqwv jhqhudoo| lqfuhdvh zlwk gdwh ri eluwk
+ghfuhdvlqj zlwk djh,/ h{fhsw iru d kljk ydoxh dw djh < dqg d ghfolqh ehwzhhq djhv 9 dqg 81 Wkh|
lqfuhdvh idvwhu ehwzhhq djhv 45 dqg < wkdq wkh| gr vxevhtxhqwo|> wklv idfw vxjjhvwv wkdw rqfh
wkh hgxfdwlrq ohyho lq wkh srsxodwlrq uhdfkhv d fhuwdlq srlqw/ lqfuhdvlqj lw e| exloglqj sulpdu|
vfkrrov ehfrphv pruh glfxow1
Wkh hvwlpdwhv lq froxpq 4 +zlwkrxw frqwurov, vxjjhvw wkdw rqh vfkrro shu 4/333 fkloguhq
lqfuhdvhv wkh hgxfdwlrq ri wkh |rxqjhvw fkloguhq e| 3147 |hduv1 Rq dyhudjh/ 41<; vfkrrov zhuh
exlow shu 4/333 fkloguhq1 Wklv lpsolhv wkdw dw lwv phdq ydoxh/ wkh surjudp fdxvhg dq lqfuhdvh lq
hgxfdwlrq ri 315: |hduv iru wkhvh fkloguhq +wkh dyhudjh hgxfdwlrq lq wkh vdpsoh lv :1<; |hduv,1 Dv
ehiruh/ frqwuroolqj iru hquroophqw udwh lq 4<:4 +froxpq 5, dqg wkh zdwhu dqg vdqlwdwlrq surjudp
+froxpq 6, pdnh wkh hvwlpdwh voljkwo| kljkhu1 Lq froxpqv 7~9/ L suhvhqw wkh vdph hvwlpdwhv iru
w k hv x e v d p s o hr iz d j hh d u q h u v 1W k hs u r j u d ph  h f wl vk l j k h ui r uz d j hh d u q h u vw k d ql wl vl qw k h
zkroh vdpsoh1
Pruh lqvljkw lqwr zk| dqg krz wklv surjudp zdv hhfwlyh lv rewdlqhg e| h{dplqlqj lwv
lpsdfw lq glhuhqw w|shv ri uhjlrqv1 Lq wdeoh 9 +sdqho D,/ L suhvhqw uhvxowv htxlydohqw wr wkh
vshflfdwlrq lq wdeoh 7 +htxdwlrq +<,, iru ydulrxv vxevdpsohv ri uhjlrqv ri eluwk1 Lq froxpqv
5 dqg 6/ L suhvhqw wkh surjudp hhfw lq vsduvho| dqg ghqvho| srsxodwhg uhjlrqv1 Lq vsduvho|
srsxodwhg uhjlrqv/ hdfk vfkrro frqvwuxfwhg lv olnho| wr uhgxfh wkh glvwdqfh wr vfkrro vljqlfdqwo|
4:+li wkh vfkrrov duh sodfhg uhodwlyho| hyhqo| lq vsdfh,1 Lq ghqvho| srsxodwhg uhjlrqv/ wkh pdlq
hhfw zloo qrw eh wr uhgxfh wkh glvwdqfh wr vfkrro/ exw wr lqfuhdvh wkh dydlodelolw| ri vorwv ru
uhgxfh wkh ryhufurzglqj ri rog vfkrrov1 Wkhuhiruh/ wkh glhuhqfh ehwzhhq wkh surjudp hhfwv
lq wkhvh wzr w|shv ri uhjlrqv zloo surylgh vrph lqirupdwlrq rq zkhwkhu uhgxflqj glvwdqfh wr
vfkrro ru ryhufurzglqj ri vfkrrov zdv wkh uhdvrq zk| wkh surjudp zdv hhfwlyh1 Wkh hvwlpdwhg
surjudp hhfw lv 3 lq ghqvho| srsxodwhg uhjlrqv/ zkloh lw lv 314< lq vsduvho| srsxodwhg uhjlrqv
+froxpqv 5 dqg 6,1 Wklv vxjjhvwv wkdw uhgxflqj wkh glvwdqfh wr vfkrro zdv wkh prvw lpsruwdqw
hhfw ri wkh surjudp1 Wklv lqwhusuhwdwlrq vkrxog/ krzhyhu/ eh wdnhq zlwk fdxwlrq/ vlqfh wklv
glhuhqfh pd| frph iurp rwkhu fkdudfwhulvwlfv fruuhodwhg zlwk ghqvlw|1 Lq froxpqv 7 dqg 8/ L
suhvhqw wkh uhvxowv lq surylqfhv zkhuh wkh lqflghqfh ri sryhuw| lq 4<:9 zdv kljkhu dqg orzhu wkdq
wkh Lqgrqhvldq dyhudjh1 L qg d odujhu hhfw lq srru surylqfhv1 Lq froxpqv 9 dqg :/ L glylgh wkh
vdpsoh lqwr uhjlrqv zkhuh wkh hgxfdwlrq ri wkh frkruw qrw h{srvhg wr wkh surjudp +phq eruq
ehwzhhq 4<83 dqg 4<95, zdv orzhu ru kljkhu wkdq wkh phgldq +613; |hduv ri hgxfdwlrq,1 Uhvxowv
duh vlplodu iru erwk vhwv ri uhjlrqv1
Lq vxppdu|/ lw dsshduv wkdw wkh vfkrro frqvwuxfwlrq surjudp kdg dq lpsdfw rq hgxfdwlrq1
Wkh fdxvdo lqwhusuhwdwlrq ri wkhvh hvwlpdwhv lv vxssruwhg e| suhsurjudp whvwv1 Lw vkrxog eh
uhfdoohg wkdw wklv surjudp zdv dffrpsdqlhg e| d jhqhudo hruw e| wkh Lqgrqhvldq jryhuqphqw
lq idyru ri hgxfdwlrq/ d sulrulw| ri wkh vhfrqg yh0|hdu sodq1 Dv sduw ri wklv hruw/ sulpdu|
vfkrro ihhv zhuh vxssuhvvhg lq 4<:; ++Zruog Edqn 4<<3d/ Zruog Edqn 4<<3e,,1 Wkhuhiruh/ wkhvh
uhvxowv fdqqrw eh jhqhudol}hg wr ohvv idyrudeoh frqwh{wv zlwkrxw dsso|lqj fdxwlrq1
G1 Dw Zkdw Ohyho ri Hgxfdwlrq Zdv wkh Surjudp Hhfwlyh
Wkh lpsdfw ri wkh surjudp rq zhoiduh ghshqgv rq zkhwkhu lw sulpdulo| dhfwhg fkloguhq zlwk
d orz ru d kljk ohyho ri hgxfdwlrq1 Iru wklv uhdvrq/ lw lv lpsruwdqw wr h{dplqh dw zkdw ohyho ri
hgxfdwlrq wkh surjudp zdv hhfwlyh1 Wkh vlpsohvw zd| wr lqyhvwljdwh wklv txhvwlrq lv wr xvh d
glhuhqfh lq glhuhqfhv hvwlpdwru12D
L jurxs wkh uhjlrqv lqwr kljk dqg orz surjudp uhjlrqv dqg frqvlghu d frkruw djhg 5 wr 9
lq 4<:7 dqg d frkruw djhg 45 wr 4: lq 4<:71 Lqvwhdg ri frqvlghulqj rqo| glhuhqfhv lq jurxs
phdqv/ L frqvlghu glhuhqfhv lq wkh fxpxodwlyh glvwulexwlrq ixqfwlrqv +FGI, ri hgxfdwlrq +wkh
suredelolwlhv ri frpsohwlqj dq| jlyhq ohyho ri hgxfdwlrq ru ohvv,1 Iljxuhv 7 dqg 8 vkrz wkdw lq
4;erwk uhjlrqv/ wkh FGI ri hgxfdwlrq lq wkh |rxqjhu frkruw vwrfkdvwlfdoo| grplqdwhv wkh FGI
ri hgxfdwlrq lq wkh roghu frkruw1 Pruhryhu/ wkh FGI ri hgxfdwlrq lq wkh orz0surjudp uhjlrqv
vwrfkdvwlfdoo| grplqdwhv wkh FGI ri hgxfdwlrq lq wkh kljk0surjudp uhjlrqv iru erwk frkruwv/
d frqvhtxhqfh ri wkh kljkhu lqwhqvlw| ri wkh surjudp lq uhjlrqv zlwk orzhu lqlwldo hquroophqw1
Iljxuh 9 sorwv wkh glhuhqfhv lq FGI ehwzhhq wkh wzr frkruwv iru erwk w|sh ri uhjlrqv1 Wkh
ehwzhhq0frkruw glhuhqfhv lq FGI lv odujhu lq wkh orz0surjudp uhjlrq iru wkh uvw yh |hduv ri
hgxfdwlrq/ exw orzhu diwhu wkh vl{wk |hdu +wkh odvw |hdu ri sulpdu| vfkrro,1 Iljxuh : vkrzv wkh
glhuhqfh lq glhuhqfhv lq FGI +wkh <8 shufhqw frqghqfh lqwhuydo lv sorwwhg lq eurnhq olqhv,1
Wkh grw iru wkh iwk |hdu ri hgxfdwlrq/ iru h{dpsoh/ lqglfdwhv wkdw wkh surjudp lqgxfhg vl{
shufhqw ri wkh vdpsoh wr frpsohwh vl{ |hduv ri hgxfdwlrq ru pruh +l1h1/ judgxdwh iurp sulpdu|
vfkrro, lqvwhdg ri yh ru ohvv1 Wklv vkrzv d srvlwlyh hhfw ri wkh surjudp dw doo sulpdu| vfkrro
ohyhov1 Lw kdg qr hhfw dw wkh mxqlru kljk vfkrro ohyho1 D vljqlfdqwo| qhjdwlyh hhfw ri wkh
lqwhudfwlrq lv vkrzq iru ohyhov ri hgxfdwlrq ri qlqh |hduv dqg deryh1
L rewdlq pruh suhflvh hvwlpdwhv e| lqfoxglqj d ixoo vhw ri uhjlrq0ri0eluwk dqg |hdu0ri0eluwk
gxpplhv1 Wr hvwlpdwh dq htxlydohqw ri wklv glhuhqfh lq glhuhqfhv frqwuroolqj iru wkhvh ydul0
deohv/ L hvwlpdwh d olqhdu suredelolw| prgho iru wkh suredelolw| ri frpsohwlqjp |hduv ri hgxfdwlrq
ru ohvv1 Iru V￿￿&6/ d gxpp| wkdw lqglfdwhv zkhwkhu wkh lqglylgxdo l/e r u ql qu h j l r qm/l q| h d un/
frpsohwhg p |hduv ri hgxfdwlrq ru ohvv/ dqg iru S￿/ d gxpp| lqglfdwlqj zkhwkhu wkh fklog zdv
eruq lq d kljk surjudp uhjlrq/ L hvwlpdwh wkh iroorzlqj htxdwlrq=
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Wkh 6/i r up @ 3 wr 4</ duh wkh ydoxhv ri wkh hvwlpdwhg lpsdfw ri wkh surjudp dw hdfk ohyho ri
hgxfdwlrq1 Wkh| duh sorwwhg lq jxuh ; +wkh <8 shufhqw frqghqfh lqwhuydo lv sorwwhg lq eurnhq
olqhv,1
Wkh vkdsh ri wklv ixqfwlrq dqg wkh vkdsh ri wkh ixqfwlrq hvwlpdwhg iurp wkh glhuhqfh lq
glhuhqfhv lq wkh FGI duh vlplodu1 Erwk duh ulvlqj xqwlo wkh iwk |hdu ri hgxfdwlrq/ ghfuhdvlqj
xqwlo wkh wzhoiwk/ dqg voljkwo| lqfuhdvlqj wkhuhdiwhu1 D pd{lpxp ri derxw 9 shufhqw ri wkh
vdpsoh olylqj lq kljk surjudp uhjlrqv zhuh lqgxfhg wr frpsohwh dw ohdvw sulpdu| vfkrro1 Wklv
dovr vkrzv vrph lpsdfw ri wkh surjudp rq wkh suredelolw| ri frpsohwlqj orzhu vhfrqgdu| vfkrro
+418 shufhqw ri wkh vdpsoh lv hvwlpdwhg wr kdyh ehhq lqgxfhg e| wkh surjudp wr frpsohwh :wk/
4<;wk/ dqg <wk judgh ru pruh,12S Wkhuh lv d qhjdwlyh glhuhqfh lq glhuhqfhv dw wkh vhqlru kljk
vfkrro ohyho1
Wkh dqdo|vlv ri wkh FGI vxjjhvwv wkdw wkh surjudp lqfuhdvhg vfkrrolqj/ exw doprvw hqwluho|
wkurxjk lqfuhdvlqj sulpdu| vfkrrolqj1 Wklv surylghv dgglwlrqdo hylghqfh wkdw wkh dvvxpswlrq
xqghuo|lqj wkh lghqwlfdwlrq vwudwhj| lv uhdvrqdeoh1 Wkh hvwlpdwhg hhfw ri wkh surjudp iru wkh
ohyhov ri hgxfdwlrq wkdw lw glg qrw wdujhw lv vpdoo ru qlo12.
Wkh surjudp frxog kdyh lqgxfhg pruh pdujlqdo shrsoh wr frpsohwh sulpdu| vfkrro dqg
pryh rq wr mxqlru kljk vfkrro12H Krzhyhu/ wkh gluhfw dqg lqgluhfw frvwv ri mxqlru kljk vfkrro
duh pxfk kljkhu wkdq wkh frvwv ri sulpdu| hgxfdwlrq dqg zhuh qrw htxdol}hg dfurvv uhjlrqv dw
wkh wlph1 Lqglylgxdov lqgxfhg e| wkh surjudp wr frpsohwh sulpdu| vfkrro duh suhvxpdeo| wkrvh
zkr zhuh idflqj d kljk frvw ri hgxfdwlrq ehiruh wkh surjudp1 Wkhuhiruh/ wkh pdujlqdo frvw ri d
|hdu lq mxqlru kljk vfkrro pxvw kdyh uhpdlqhg kljk/ vlqfh wklv zdv qrw dhfwhg e| jryhuqphqwdo
lqwhuyhqwlrq1 Wklv h{sodlqv zk| zh gr qrw revhuyh odujh vslooryhuv1 Wkh whvw ri kxpdq fdslwdo
yhuvxv vruwlqj prghov ri uhwxuqv wr hgxfdwlrq sursrvhg e| Nhylq Odqj dqg Gdylg Nurss +4<;9,
surylghv dqrwkhu lqwhuhvwlqj dvshfw ri wklv uhvxow1 Wkh| vkrz wkdw wkh vruwlqj prgho lpsolhv
wkdw frpsxovru| dwwhqgdqfh odzv/ zklfk dhfw wkh hgxfdwlrq ri wkh orz0vnloo zrunhuv/ vkrxog
dovr dhfw wkh hgxfdwlrq ri wkh kljk0vnloo zrunhuv +zkr kdyh wr jhw pruh hgxfdwlrq wr vkrz wkdw
wkh| duh glhuhqw,1 Xqghu wkh kxpdq fdslwdo prgho/ frpsxovru| dwwhqgdqfh odzv vkrxog qrw
dhfw wkh hgxfdwlrq ri shrsoh zkr duh qrw gluhfwo| frqvwudlqhg e| wkhp1 Wkh LQSUHV surjudp
gluhfwo| dhfwhg sulpdu| hgxfdwlrq rqo|/ exw xqghu wkh vruwlqj prgho/ lw frxog kdyh ohg vrph
shrsoh zkr zrxog kdyh frpsohwhg rqo| sulpdu| vfkrro wr frpsohwh pruh |hduv ri hgxfdwlrq1
Wkh uhvxowv lq wklv sdshu vxjjhvw wkdw wkh kxpdq fdslwdo prgho ri hgxfdwlrq pljkw ghvfuleh
Lqgrqhvld ehwwhu wkdq wkh vruwlqj prgho1
Wkh surjudp zdv hhfwlyh lq lqfuhdvlqj hgxfdwlrq/ lq sduwlfxodu dw wkh sulpdu| vfkrro ohyho1
Glg lw lqfuhdvh kxpdq fdslwdoB Rqh zd| wr dqvzhu wkdw txhvwlrq lv wr orrn dw wkh hhfw ri wkh
surjudp rq zdjhv1
53LY1 Hhfw rq Zdjhv
D1 Edvlf Uhvxowv
L vwduw e| hvwlpdwlqj d vshflfdwlrq htxlydohqw wr htxdwlrq +;, iru wkh h{shulphqw ri lqwhuhvw dqg
wkh frqwuro h{shulphqw1 Dv iru hgxfdwlrq +htxdwlrq +<,,/ L hvwlpdwh=
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zkhuh |￿￿& lv wkh orjdulwkp ri wkh 4<<8 zdjh ri dq lqglylgxdo l/e r u ql qu h j l r qm/ lq frkruw n1
Uhvxowv duh suhvhqwhg lq wdeoh 7 +froxpqv 7~9, dqg lq jxuh 41 Lq wdeoh 7/ sdqho D/ L vhw W￿
htxdo wr 4 iru fkloguhq djhg 5 wr 9 lq 4<:7/ dqg L xvh fkloguhq djhg 45 wr 4: dv wkh frpsdulvrq
jurxs1 Lq jxuh 4/ sdqho D/ L sorwwhg wkh lqfuhdvh lq zdjhv ehwzhhq wkh vdph wzr frkruwv djdlqvw
wkh surjudp lqwhqvlw|/ dv zhoo dv wkh zhljkwhg ohdvw vtxduhv uhjuhvvlrq olqh +wkh frhflhqwv ri
zklfk duh jlyhq lq froxpq 7 lq wdeoh 7, dqg wkh nhuqho uhjuhvvlrq fxuyh1 Lq wdeoh 7/ sdqho E/
Lv h wW￿ htxdo wr 4 iru fkloguhq djhg 45 wr 4: lq 4<9: dqg xvhg fkloguhq djhg 4; wr 57 dv wkh
frpsdulvrq jurxs1 Fruuhvsrqglqj hylghqfh lv sorwwhg lq jxuh 4/ sdqho E1
Lq wdeoh 7/ sdqho D/ wkh hvwlpdwhv udqjh iurp 418 shufhqw wr 51: shufhqw1 Dv lq wkh fdvh
ri hgxfdwlrq/ wkh hvwlpdwhv lqfuhdvh zkhq L frqwuro iru hquroophqw udwhv lq 4<:4 dqg iru wkh
doorfdwlrq ri wkh zdwhu dqg vdqlwdwlrq surjudp/ dowkrxjk qrqh ri wkhvh hvwlpdwhv duh vljqlfdqwo|
glhuhqw iurp hdfk rwkhu1 Lq sdqho E/ lq doo vshflfdwlrqv/ wkh lqwhudfwlrq frhflhqw lv vpdoo dqg
qrw vljqlfdqwo| glhuhqw iurp 31 Krzhyhu/ wkhvh hvwlpdwhv duh lpsuhflvh dqg L fdqqrw uhmhfw
htxdolw| ri wkh frhflhqwv lq sdqhov D dqg E +dowkrxjk wkh srlqw hvwlpdwhv duh pxfk vpdoohu lq
sdqho E,1 Txdolwdwlyho|/ wkh uhvxowv ri hvwlpdwlqj wklv uhgxfhg0irup h{suhvvlrq qhyhuwkhohvv ohdg
wr vlplodu frqfoxvlrqv dv iru hgxfdwlrq1 Wkh surjudp vhhpv wr kdyh dhfwhg dyhudjh zdjhv/ wkh
hvwlpdwhv duh qrw vpdoohu zkhq frqwuro yduldeohv duh lqwurgxfhg/ dqg wkh srlqw hvwlpdwhv ri wkh
surjudp hhfw lq dq xqwuhdwhg vdpsoh lv vpdoohu dqg forvh wr 31
E1 Uhgxfhg0Irup Hylghqfh
Dv iru hgxfdwlrq/ L fdq qrz zulwh dq xquhvwulfwhg uhgxfhg0irup uhodwlrqvkls ehwzhhq h{srvxuh
wr wkh surjudp dqg wkh orjdulwkp ri wkh zdjh ri dq lqglylgxdo +|￿￿&,
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zkhuh 2￿ lv d uhjlrq0ri0eluwk hhfw dqg 2& lv d frkruw0ri0eluwk hhfw1 S￿/ F￿ dqg g￿, duh ghqhg
dv lq wkh hgxfdwlrq htxdwlrq= S￿ lv wkh lqwhqvlw| ri wkh surjudp lq wkh uhjlrq ri eluwk/ F￿ lv wkh
yhfwru ri frqwuro yduldeohv/ dqg g￿, lv d gxpp| lqglfdwlqj zkhwkhu lqglylgxdo l zdv ri djh o lq
4<:71
Wkh 2, vkrxog eh 3 iru o juhdwhu wkdq 45 dqg vwduw lqfuhdvlqj diwhu vrph wkuhvkrog1 Pruhryhu/
li wkh surjudp dhfwhg zdjhv rqo| wkurxjk lwv hhfw rq hgxfdwlrq/ wkh frhflhqwv 2, vkrxog
wudfn wkh ￿, +lq wkh hgxfdwlrq htxdwlrq,1 Lq sduwlfxodu/ wkh wkuhvkrog diwhu zklfk wkh frhflhqwv
2, vwduw wr lqfuhdvh vkrxog eh wkh vdph dv wkh wkuhvkrog diwhu zklfk wkh frhflhqwv ￿, vwduw wr
lqfuhdvh1 Wkh 2, vkrxog dovr wudfn wkh xs dqg grzqv ri wkh ￿,1
Wdeoh D4 suhvhqwv wkh uhvxowv iru wkh wkuhh vshflfdwlrqv iru zklfk L kdg hvwlpdwhg wkh
hgxfdwlrq htxdwlrq1 Djdlq/ judskv khos lqwhusuhw wkh uhgxfhg irup frhflhqwv1 Lq jxuh 6d/
wkh 2, duh sorwwhg lq d grwwhg olqh1 Wkh| duh rvfloodwlqj xqwlo djh 43 dqg vwduw lqfuhdvlqj diwhu
djh 441 Wkh frhflhqwv ri wkh lqwhudfwlrqv iru hgxfdwlrq dqg zdjhv wudfn hdfk rwkhu1 Iljxuh 6e
suhvhqwv wkh vdph gdwd/ exw vkrzv pruh fohduo| wkh lpsdfw ri wkh surjudp1 Wkh ydoxhv rq wklv
judsk duh vprrwkhg dqg wkh vfdohv duh dgmxvwhg1 Lq wklv jxuh/ wkh fkdqjh lq wuhqg diwhu djh 44
lv yhu| dssduhqw1 Wkh surjudp ehjdq kdylqj d srvlwlyh hhfw rq zdjhv dqg hgxfdwlrq dw wkdw
srlqw1
F1 Uhvwulfwhg Hvwlpdwhv
Lq froxpqv :~< lq wdeoh 8/ L suhvhqw hvwlpdwhv ri wkh htxdwlrq
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Lw lv pruh glfxow wr suhflvho| hvwlpdwh wkh hhfw ri wkh surjudp rq zdjhv wkdq rq hgx0
fdwlrq/ ehfdxvh zdjhv xfwxdwh pruh dqg wkh vdpsoh lv vpdoohu +vlqfh zdjhv duh qrw froohfwhg
iru vhoi0hpsor|hg shrsoh,1 Qrw vxusulvlqjo| wkhq/ L qg wkdw ihz frhflhqwv duh lqglylgxdoo|
vljqlfdqw dqg wkdw wkh I0vwdwlvwlfv iru wkh vljqlfdqfh ri wkh mrlqw vhw ri lqvwuxphqwv duh vpdoo1
Txdolwdwlyho|/ wkh uhvxowv sdudooho wkh hvwlpdwhg hhfwv rq hgxfdwlrq1 Qr hhfw lv irxqg iru fklo0
guhq djhg 43 ru roghu lq 4<:71 Wkh frhflhqwv duh srvlwlyh iru |rxqjhu fkloguhq +h{fhsw dw djh
55:,1 Wkh frhflhqwv ri wkh lqwhudfwlrqv duh jhqhudoo| ghfuhdvlqj zlwk djh1 Wkh hvwlpdwhv duh
kljkhu zkhq L frqwuro iru hquroophqw udwh dqg iru wkh zdwhu dqg vdqlwdwlrq surjudp1 Wkh odvw
olqh lq wklv wdeoh lqglfdwhv wkdw frqvwuxfwlqj rqh vfkrro shu 4/333 fkloguhq lqfuhdvhg wkh 4<<8
zdjhv ri lqglylgxdov djhg 5 lq 4<:7 e| 419 shufhqw wr 713 shufhqw1 Wkh dyhudjh qxpehu ri vfkrrov
frqvwuxfwhg shu 4/333 fkloguhq lv 41;< lq wkh vdpsoh zlwk ydolg zdjh gdwd1 Wkxv/ rq dyhudjh/ wkh
surjudp fdxvhg d 6~: shufhqw lqfuhdvh lq wkh zdjhv ri wklv frkruw1
Lq wdeoh 9 +sdqho E,/ L suhvhqw wkh hvwlpdwhv ri htxdwlrq +46, iru glhuhqw vxevdpsohv1 Wkh
yduldwlrqv ri wkh surjudp hhfw dfurvv vxevdpsohv sdudooho wkh yduldwlrqv ri wkh surjudp hhfw
rq hgxfdwlrq1 Lq sduwlfxodu/ L vhh qr hhfw rq zdjhv lq uhjlrqv zkhuh wkhuh lv qr hhfw rq
|hduv ri hgxfdwlrq1 Wklv vxjjhvwv wkdw wkh surjudp hhfw rq zdjhv zdv suredeo| fdxvhg e| wkh
fkdqjhv lq |hduv ri hgxfdwlrq1 Lq wkh qh{w vhfwlrq/ L xvh wklv wr frqvwuxfw lqvwuxphqwdo yduldeohv
hvwlpdwhv ri wkh hhfw ri hgxfdwlrq rq zdjhv1
Y1 Hvwlpdwlqj Uhwxuqv wr Hgxfdwlrq
Wkh lghqwlfdwlrq dvvxpswlrq wkdw wkh hyroxwlrq ri zdjhv dqg hgxfdwlrq dfurvv frkruwv zrxog
qrw kdyh ydulhg v|vwhpdwlfdoo| iurp rqh uhjlrq wr dqrwkhu/ lq wkh devhqfh ri wkh surjudp/ lv
vxflhqw wr hvwlpdwh wkh lpsdfw ri wkh surjudp1 Vlqfh wkh lqwhuyhqwlrq zdv wr exlog sulpdu|
vfkrrov/ wkh surjudp hhfw rq zdjhv zdv prvw suredeo| fdxvhg e| fkdqjhv lq hgxfdwlrq1 Wkh
dgglwlrqdo dvvxpswlrq qhhghg lv wkdw wkh surjudp kdg qr hhfw rq zdjhv rwkhu wkdq e| lqfuhdvlqj
hgxfdwlrq1 L fdq/ wkhuhiruh/ xvh wklv surjudp wr frqvwuxfw lqvwuxphqwdo yduldeohv hvwlpdwhv
ri wkh lpsdfw ri dgglwlrqdo |hduv ri hgxfdwlrq rq zdjhv1 Wkh prvw vhulrxv frqfhuq/ iru wklv
lqwhusuhwdwlrq/ lv wkdw wkh surjudp pljkw kdyh dhfwhg erwk wkh txdolw| dqg wkh txdqwlw| ri
hgxfdwlrq dqg wkdw fkdqjhv lq zdjhv frxog uhhfw erwk hhfwv1 Ehorz/ L h{dplqh zkhwkhu wkhuh
lv hylghqfh wkdw wklv lv d vhulrxv sureohp1
D1 Lqgluhfw Ohdvw Vtxduhv Hvwlpdwhv
Iroorzlqj wkh glvfxvvlrq lq vhfwlrq LLL/ L fdofxodwh lqgluhfw ohdvw vtxduhv hvwlpdwhv ri uhwxuqv wr
hgxfdwlrq e| glylglqj wkh hvwlpdwh ri wkh surjudp hhfw rq zdjhv e| wkh surjudp hhfw rq hg0
xfdwlrq1 Iru h{dpsoh/ glylglqj wkh hvwlpdwh ri wdeoh 7/ sdqho D/ froxpq 7/ e| wkh fruuhvsrqglqj
hvwlpdwh lq froxpq 4 iru zdjh hduqhuv/ L rewdlq dq hvwlpdwh ri dyhudjh uhwxuqv wr hgxfdwlrq ri
56:18 shufhqw1 Dgglqj frqwurov/ L qg ;19 shufhqw dqg 4317 shufhqw1 Wklv vwudwhj| fdq eh h{whqghg
wr xvh doo wkh lqirupdwlrq dydlodeoh/ e| xvlqj d wzr0vwdjh ohdvw vtxduhv +5VOV, vwudwhj| lqvwhdg
ri wkh lqgluhfw ohdvw vtxduhv +LOV, dssurdfk1
E1 Wzr0vwdjh Ohdvw Vtxduhv Hvwlpdwhv ri wkh Uhwxuqv wr Hgxfdwlrq
Hvwlpdwhv ri htxdwlrq +44, duh ri lqwulqvlf lqwhuhvw ehfdxvh wkh| surylgh dq dvvhvvphqw ri wkh
lpsdfw ri wkh surjudp rq hgxfdwlrq1 Exw wkh| dovr uhsuhvhqw wkh uvw vwdjh ri d wzr0vwdjh ohdvw
vtxduhv hvwlpdwlrq ri wkh lpsdfw ri hgxfdwlrq rq zdjhv1 Htxdwlrq +4, fkdudfwhul}hv wkh fdxvdo
hhfw ri hgxfdwlrq rq zdjhv=
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Uhzulwh wklv h{suhvvlrq dv
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zkhuh ￿ dqg & ghqrwh uhjlrq0ri0eluwk dqg frkruw0ri0eluwk hhfwv1 Wkh uhjlrq0vshflf huuru
whupv/ wkh frkruw0vshflf huuru whupv/ dqg wkh lqglylgxdo huuru whupv lqfrusrudwh lqglylgxdo dqg
uhjlrqdo glhuhqfhv lq uhwxuqv wr hgxfdwlrq dqg lq wkh vshflf lqwhufhswv1
Xqghu wkh dvvxpswlrqv glvfxvvhg lq vhfwlrq LLL/ wkh lqwhudfwlrqv ehwzhhq wkh djh lq 4<:7 dqg
wkh surjudp lqwhqvlw| lq wkh uhjlrq ri eluwk duh dydlodeoh dv lqvwuxphqwv iru htxdwlrq +49,1 E|
olplwlqj wkh vhw ri lqvwuxphqwv wr wkh lqwhudfwlrqv lq htxdwlrq +44, +wkh djh gxpplhv iru o  45,/
L dyrlg srwhqwldo vpdoo vdpsoh eldv fdxvhg e| wkh xvh ri pdq| zhdno| fruuhodwhg lqvwuxphqwv1
Pruhryhu/ wkh lqvwuxphqwv kdyh ehhq vkrzq wr kdyh d jrrg h{sodqdwru| srzhu lq wkh uvw
vwdjh/ zklfk lqglfdwhv wkdw wkh 5VOV hvwlpdwhv vkrxog qrw eh dhfwhg e| wklv sureohp12b L dovr
hvwlpdwhg wkh vdph htxdwlrq xvlqj d vlqjoh lqvwuxphqw/ wkh lqwhudfwlrq ri ehlqj lq wkh _|rxqj%
frkruw dqg wkh surjudp lqwhqvlw| lq wkh uhjlrq ri eluwk1 Htxdwlrq +49, fdq dovr eh prglhg wr
lqfrusrudwh frqwuro yduldeohv dv iroorzv=
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Wkh uhvxowv duh suhvhqwhg lq wdeoh :/ sdqho D4 +sdqho D5 suhvhqwv uhvxowv zlwk wkh orjdulwkp
ri prqwko| hduqlqjv dv wkh ghshqghqw yduldeoh,1 Wkh uvw olqh vkrzv wkh ROV hvwlpdwh1 Wkh
57hvwlpdwhg uhwxuqv wr hgxfdwlrq lv :1; shufhqw dqg lv qrw dhfwhg e| lqwurgxflqj frqwuro yduldeohv1
Wklv lv orzhu wkdq ROV hvwlpdwhv lq Lqgrqhvld lq roghu vdpsohv/ exw frqvlvwhqw zlwk hvwlpdwhv lq
rwkhu Lqgrqhvldq gdwd vhwv ri wkh 4<<3*v dqg zlwk wkh ghfolqh lq hvwlpdwhg uhwxuqv wr hgxfdwlrq
ryhu wlph1 Wkh Zruog Edqn +4<<3e, uhsruwv wkdw hvwlpdwhv ghfuhdvhg iurp 4< shufhqw lq 4<;5
wr 43 shufhqw lq 4<;91
Wkh vhfrqg olqh suhvhqwv 5VOV hvwlpdwhv ri htxdwlrq +4:, +vkrzq lq vtxduh eudfnhwv duh
wkh I0vwdwlvwlfv ri wkh ryhulqghqwli|lqj uhvwulfwlrqv whvw,1 Lq froxpqv 4~6/ L suhvhqw wkh 5VOV
hvwlpdwhv iru wkh wkuhh vshflfdwlrqv xvhg wkurxjkrxw wkh sdshu1 Lq froxpq 4/ wkh qxpehu ri
fkloguhq lq 4<:4 lv wkh rqo| frqwuro yduldeoh1 Wkh srlqw hvwlpdwh +91:8 shufhqw, lv voljkwo| orzhu
wkdq wkh ROV hvwlpdwh/ dowkrxjk L fdqqrw uhmhfw htxdolw|1 Lq froxpq 5/ L lqwurgxfh lqwhudfwlrqv
ehwzhhq wkh hquroophqw udwh lq 4<:4 dqg |hdu0ri0eluwk gxpplhv1 Wkh srlqw hvwlpdwh lv kljkhu
wkdq zlwkrxw wkh frqwurov +;14 shufhqw,1 Zkhq L lqwurgxfh d frqwuro iru wkh zdwhu dqg vdqlwdwlrq
surjudp/ wkh hvwlpdwh lv djdlq voljkwo| kljkhu +4319 shufhqw,1 Lq wkh wklug olqh/ L suhvhqw wkh
5VOV hvwlpdwh xvlqj rqo| rqh lqvwuxphqw1 Wkh uhvxowv duh yhu| vlplodu wr wkh LY hvwlpdwhv xvlqj
pruh lqvwuxphqwv +exw voljkwo| ohvv suhflvh/ vlqfh wkh| xvh ohvv yduldwlrq,1
Wkhvh 5VOV hvwlpdwhv duh qrw yhu| glhuhqw iurp wkh ROV hvwlpdwh1 Wkh jhqhudo eholhi lq
wkh ghyhorsphqw olwhudwxuh +Ehkupdq +4<<3,/ Vwudxvv dqg Wkrpdv +4<<8,, lv wkdw ROV hvwlpdwhv
duh olnho| wr eh eldvhg xszdug gxh wr rplwwhg idplo| dqg frppxqlw| edfnjurxqg yduldeohv/ exw
wklv grhv qrw vhhp frquphg khuh1￿f
Rq wkh rwkhu kdqg/ prvw vwxglhv lq lqgxvwuldol}hg frxqwulhv qg lqvwuxphqwdo yduldeohv
+LY, hvwlpdwhv wkdw duh kljkhu wkdq ROV hvwlpdwhv/ zklfk lv qrw zkdw L qg khuh +vhh Fdug
+4<<8/4<<<,/ Ruoh| Dvkhqihowhu/ Frop S1 Kduprq dqg Khvvho Rrvwhuehhn +4<<;,,1 Fdug +4<<<,
glvfxvvhv vhyhudo srvvleoh h{sodqdwlrqv zk| LY hvwlpdwhv whqg wr eh kljkhu wkdq ROV hvwlpdwhv1
L frqvlghu wkhp eulh| wr ghwhuplqh zkhwkhu wkh| dsso| lq wklv frqwh{w1 Wkh uvw h{sodqdwlrq/
iroorzlqj ]yl Julolfkhv +4<::,/ lv wkdw delolw| eldv lq wkh ROV hvwlpdwhv ri uhwxuqv wr vfkrrolqj
lv uhodwlyho| vpdoo dqg wkdw ROV hvwlpdwhv pd| lq idfw eh eldvhg grzqzdug gxh wr phdvxuhphqw
huuruv1 P| uhvxowv duh frqvlvwhqw zlwk wkh lghd wkdw wkh delolw| eldv dqg wkh phdvxuhphqw huuru
eldv pruh ru ohvv fdqfho hdfk rwkhu rxw lq wkh Lqgrqhvldq frqwh{w1 D vhfrqg h{sodqdwlrq lv wkdw
wkh LY hvwlpdwhv duh eldvhg hyhq ixuwkhu xszdug wkdq wkh ROV hvwlpdwhv/ gxh wr xqrevhuyhg
glhuhqfhv lq hduqlqj delolw| ehwzhhq wkh _wuhdwphqw% dqg _frqwuro% jurxsv1 Wkhvh glhuhqfhv
58lq hduqlqjv duh wkhq _eorzq xs% zkhq wkh| duh glylghg e| vpdoo glhuhqfhv lq vfkrrolqj1 Fdug
qrwhv wkdw wklv sureohp lv olnho| wr eh ohvv lpsruwdqw zkhq wkh lqvwuxphqwv h{sorlw odujh yduld0
w l r q vl qh g x f d w l r qd q gd ql q w h u d f w l r qe h w z h h qw z rv r x u f h vr iy d u l d w l r q v /z k l f kl vw k hf d v hr ip |
LY hvwlpdwhv1 D wklug h{sodqdwlrq/ sursrvhg e| Dvkhqihowhu/ Kduprq dqg Rrvwhuehhn +4<<;, lv
wkdw uhvhdufkhuv suhihu wr uhsruw hvwlpdwhv zlwk kljk w0vwdwlvwlfv1 Zlwk d uhodwlyho| odujh vdpsoh
dqg lpsruwdqw yduldwlrqv lq vfkrrolqj/ wkh vwdqgdug huuruv ri wkh LY hvwlpdwhv duh vpdoo hqrxjk
wkdw hyhq hvwlpdwhv vpdoohu wkdq ROV vwloo kdyh w0vwdwlvwlfv deryh 51
Ilqdoo|/ Fdug +4<<8, vkrzv wkdw wkh 5VOV hvwlpdwh pljkw qrw eh dq hvwlpdwh ri dyhudjh
uhwxuqv wr vfkrrolqj1 Shrsoh dhfwhg e| wkh lqvwuxphqwv pljkw eh shrsoh zkr kdyh kljkhu
pdujlqdo uhwxuqv wr vfkrrolqj1 Wklv lv wkh fdvh/ lq sduwlfxodu/ li uhwxuqv wr hgxfdwlrq duh frqfdyh
dqg lqglylgxdov zlwk orz ohyhov ri vfkrrolqj duh pruh dhfwhg wkdq rwkhuv1 Rqo| shrsoh zkr
zrxog kdyh frpsohwhg ohvv wkdq sulpdu| vfkrro zhuh dhfwhg e| wkh surjudp/ dv ghvfulehg lq
vhfwlrq LY1 Krzhyhu/ wkhuh lv qr hylghqfh wkdw uhwxuqv wr hgxfdwlrq duh frqfdyh lq Lqgrqhvld1
Hvwlpdwlqj qrqsdudphwulfdoo| wkh vkdsh ri wkh wuxh fdxvdo uhvsrqvh ixqfwlrq zrxog eh glfxow/
vlqfh wkh vrxufh ri h{rjhqrxv yduldwlrq L xvh lq wklv vwxg| dhfwv rqo| sulpdu| hgxfdwlrq1 Exw
vrph lqglfdwlrq wkdw wkh uhwxuqv duh qrw frqfdyh lv jlyhq e| ROV hvwlpdwlrq xvlqj d gxpp| iru
hdfk |hdu ri hgxfdwlrq1 Wkhvh frhflhqwv duh sorwwhg lq jxuh <1 Hvwlpdwhg pdujlqdo uhwxuqv
ydu| olwwoh xqwlo qlqh |hduv ri hgxfdwlrq exw duh kljk iru wkh wzhoiwk |hdu ri hgxfdwlrq +wkh odvw
|hdu ri vhqlru kljk vfkrro, dqg wkh wkluwhhqwk |hdu ri hgxfdwlrq1 Wkh kljk uhwxuqv iru |hduv
fruuhvsrqglqj wr glsorpdv lqglfdwh d _vkhhsvnlq hhfw/% irxqg lq wkh Xqlwhg Vwdwhv dv zhoo
+Wkrpdv Kxqjhuirug dqg Jdu| Vrorq +4<;:,/ Gdylg D1 Mdhjhu dqg Pduldqqh H1 Sdjh +4<<9,,1
Vwudxvv dqg Wkrpdv +4<<:, dovr irxqg hylghqfh ri dssduhqw frqyh{ uhwxuqv wr hgxfdwlrq lq xuedq
Eud}lo1￿￿ Li uhwxuqv duh/ lq uhdolw|/ olqhdu ru hyhq frqyh{ lq ghyhorslqj frxqwulhv/ wkh skhqrphqrq
ri _glvfrxqw udwh eldv% +Nhylq Odqj +4<<6,, hpskdvl}hg e| Fdug vkrxog qrw eh suhvhqw/ zklfk
zrxog djdlq h{sodlq zk| ROV dqg 5VOV hvwlpdwhv duh vlplodu lq p| vwxg|1
Lq wdeoh 9/ sdqho F/ L h{dplqh zkhwkhu uhwxuqv wr hgxfdwlrq ydu| dfurvv uhjlrqv1￿2 Wkh| duh
kljkhu +44 shufhqw, lq vsduvho| srsxodwhg uhjlrqv dqg lq uhjlrqv zkhuh wkh dyhudjh hgxfdwlrq
ohyho ri frkruwv qrw h{srvhg wr wkh surjudp lv orz +45 shufhqw,1 Wkh| vhhp wr eh orzhu lq uhjlrqv
zkhuh lqlwldo hgxfdwlrq zdv kljk/ dowkrxjk wkh vwdqgdug huuru ri wklv hvwlpdwh lv wrr odujh wr
eh frqfoxvlyh1 Wklv odvw uhvxow lv frqvlvwhqw zlwk wkh lghd wkdw wkh jhqhudo htxloleulxp hhfw ri
59dq lqfuhdvh lq hgxfdwlrq lv wr ghsuhvv wkh uhwxuqv/ exw lw vxjjhvwv wkdw hyhq diwhu wkh surjudp/
uhwxuqv zhuh vwloo kljkhu lq uhjlrqv wkdw uhfhlyhg pruh vfkrrov1
L qrz wxuq wr wzr srwhqwldo vrxufhv ri eldv= wkh dvvxpswlrq wkdw wkh surjudp kdg qr lpsdfw
rq zdjhv rwkhu wkdq wkurxjk wkh lqfuhdvh lq wkh txdqwlw| ri hgxfdwlrq/ dqg sureohpv dulvlqj
iurp vdpsoh vhohfwlrq1
F1 Frxog Fkdqjh lq Txdolw| Eldv wkh 5VOV HvwlpdwhvB
Dv L glvfxvvhg lq vhfwlrq LLL/ hvwlpdwhv ri uhwxuqv wr hgxfdwlrq duh eldvhg li wkh surjudp dhfwv
erwk wkh txdolw| dqg wkh txdqwlw| ri hgxfdwlrq1 L h{dplqh wzr slhfhv hylghqfh wkdw vxjjhvw wkdw
wkh surjudp glg qrw vxevwdqwldoo| dhfw wkh txdolw| ri hgxfdwlrq1
Iluvw/ L fdofxodwhg dyhudjh sxslo2whdfkhu udwlrv lq 4<:62:7 dqg 4<:;2:<1 Lq erwk kljk0 dqg
orz0 surjudp uhjlrqv/ wkh dyhudjh sxslo2whdfkhu udwlr lqfuhdvhg voljkwo| iurp 5<1: wr 6418 lq kljk0
surjudp uhjlrqv/ dqg iurp 5;17 wr 6314 lq orz0surjudp uhjlrqv1 Wkh glhuhqfh lq glhuhqfhv lv
yhu| forvh wr 31 Qr v|vwhpdwlf glhuhqfh lq txdolw|/ dv phdvxuhg e| wklv lqglfdwru/ lv dssduhqw1 L
dovr udq d uhjuhvvlrq ri wkh fkdqjh lq sxslo2whdfkhu udwlrv rq wkh qxpehu ri vfkrrov shu fkloguhq
exlow lq wkh surjudp1 Wkh frhflhqw lv qhjdwlyh/ yhu| vpdoo/ dqg qrw vljqlfdqwo| glhuhqw iurp
31 Krzhyhu/ txdolw| ri hgxfdwlrq frxog vwloo kdyh ghwhulrudwhg li wkh qhzo| kluhg whdfkhuv kdg
ehhq ohvv txdolhg1
Vhfrqg/ L xvh wkh idfw wkdw wkh surjudp glg qrw lqfuhdvh wkh hgxfdwlrq ri shrsoh frpsohwlqj
qlqh |hduv ri hgxfdwlrq ru pruh +dv vkrzq lq vhfwlrq LY,1 Wkh hgxfdwlrqdo dwwdlqphqw ri wkhvh
shrsoh zdv qrw dhfwhg e| wkh surjudp1 Wkhuhiruh/ wkhlu zdjhv vkrxog qrw eh dhfwhg hlwkhu1
Lq jxuh 43/ L vkrz wkh frhflhqwv ri wkh lqwhudfwlrqv ehwzhhq wkh surjudp lqwhqvlw| dqg djh
gxpplhv lq wkh zdjh dqg hgxfdwlrq htxdwlrqv/ lq wkh vdpsoh ri shrsoh zkrvh ohyho ri hgxfdwlrq
lv juhdwhu wkdq <1￿￿ Lq frqwudvw wr jxuhv 4~6/ qr vshflf sdwwhuq hphujhv lq hlwkhu htxdwlrq= wkh
lqwhudfwlrq frhflhqwv duh xfwxdwlqj +wkh| ehfrph qhjdwlyh iru wkh |rxqjhvw lqglylgxdov lq wkh
hgxfdwlrq htxdwlrq, dqg wkhuh lv qr uxswxuh lq wuhqg diwhu djh 451 Wkh hylghqfh lq wdeoh 9 fdq
eh lqwhusuhwhg dorqj wkh vdph olqhv1 Lq ghqvho| srsxodwhg uhjlrqv +froxpq 7,/ wkh surjudp kdv
qr hhfw rq |hduv ri hgxfdwlrq1 Li wkh txdolw| ri hgxfdwlrq kdg fkdqjhg dqg wklv kdg dhfwhg
zdjhv/ wkhq L vkrxog vhh dq hhfw ri wkh surjudp rq zdjhv hyhq lq wklv uhjlrq1￿e
Wkhvh wzr vhsdudwh slhfhv ri hylghqfh ohqg vrph vxssruw wr wkh dvvxpswlrq wkdw wkh lqfuhdvh
5:lq zdjhv zdv gxh pdlqo| wr wkh lqfuhdvh lq wkh txdqwlw| ri hgxfdwlrq1 Wkhuh lv qr fohdu hylghqfh
djdlqvw wkh dvvxpswlrq wkdw wkh surjudp dhfwhg rqo| wkh txdqwlw| ri hgxfdwlrq1
G1 Fruuhfwlrq iru Vdpsoh Vhohfwlrq
Wkh uhwxuqv wr hgxfdwlrq duh hvwlpdwhg lq d vhohfwhg vdpsoh= rqo| 78 shufhqw ri wkh lqglylgxdov
lq wkh vdpsoh duh zrunlqj iru d zdjh1 Prvw uhpdlqlqj lqglylgxdov duh vhoi0hpsor|hg1
Wkh suredelolw| ri zrunlqj iru d zdjh lv srwhqwldoo| dhfwhg e| hgxfdwlrq1 Wr h{dplqh wklv/
L xvh 5VOV wr hvwlpdwh
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zkhuh z￿￿& lv d gxpp| yduldeoh lqglfdwlqj zkhwkhu dq lqglylgxdo uhsruwv d srvlwlyh zdjh1 Hv0
wlpdwhv ri wklv htxdwlrq duh suhvhqwhg lq wdeoh :/ sdqho E41 Wkh ROV hvwlpdwh lv pxfk vpdoohu
wkdq wkh LY hvwlpdwh +wkh hvwlpdwh ri wkh lpsdfw ri dq dgglwlrqdo |hdu ri hgxfdwlrq rq wkh
suredelolw| ri zrunlqj iru d zdjh fkdqjhv iurp 616 shufhqw wr 4314 shufhqw,1 Wkh suredelolw| ri
z r u n l q ji r udz d j hl vd  h f w h ge |h g x f d w l r q 1
Wklv lv dq lqwhuhvwlqj uhvxow lq lwvhoi1 Krzhyhu/ wklv fdvwv vrph grxewv rq wkh ydolglw| ri
wkh 5VOV hvwlpdwh ri uhwxuqv wr hgxfdwlrq1 Ehfdxvh wkh suredelolw| ri zrunlqj iru d zdjh lv
dovr dhfwhg e| vfkrrolqj/ wkh vdpsoh vhohfwlrq lv olnho| wr lqgxfh d fruuhodwlrq ehwzhhq wkh
lqvwuxphqwv dqg wkh huuru lq htxdwlrq +4:, +wkh frqglwlrqdo h{shfwdwlrq ri wkh huuru jlyhq wkh
lqvwuxphqwv dqg wkh idfw wkdw dq lqglylgxdov uhsruwv d srvlwlyh zdjh pd| qrw eh 3,1 Wkh lghdo
vroxwlrq wr wklv vhohfwlrq sureohp zrxog eh wr qg dq lqvwuxphqw wkdw lv udqgrpo| dvvljqhg
lq wkh srsxodwlrq zlwk srvlwlyh zdjhv1 Idlolqj wkdw/ vhyhudo hfrqrphwulf vroxwlrqv kdyh ehhq
sursrvhg1 Prvw uhvw rq h{foxvlrq dvvxpswlrqv wkdw zrxog eh vwurqj lq wklv frqwh{w1
L lpsohphqw wzr dowhuqdwlyh surfhgxuhv wr lqyhvwljdwh zkhwkhu vdpsoh vhohfwlrq lv olnho| wr eh
dq lpsruwdqw sureohp lq wklv fdvh1 Iluvw/ L lpsohphqw d vdpsoh fruuhfwlrq surfhgxuh1 Vhfrqg/ L
xvh dqrwkhu Lqgrqhvldq vxuyh| wr lpsxwh dq lqfrph wr vhoi0hpsor|hg lqglylgxdov lq p| vdpsoh1
Uhvxowv duh qrw yhu| vhqvlwlyh wr hlwkhu prglfdwlrq1
Iluvw/ L iroorz d vxjjhvwlrq lqwurgxfhg e| Khfnpdq dqg Krw} +4<;<,/ wkhq hoderudwhg e|
K|xqjwdln Dkq dqg Mdphv O1 Srzhoo +4<<6, dqg Dqjulvw +4<<8d,/ wr frqglwlrq lq wkh vhfrqg
5;vwdjh rq wkh suredelolw| ri vhohfwlrq jlyhq wkh lqvwuxphqwv1 Lq sudfwlfh/ L hvwlpdwh wkh htxdwlrq
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dqg xvh wkh suhglfwhg ydoxh iru z￿￿& +wkh suredelolw| ri ehlqj vhohfwhg jlyhq wkh lqvwuxphqwv,
dqg wkh vtxduh ri wkh suhglfwhg ydoxh dv dgglwlrqdo uhjuhvvruv lq htxdwlrq +4:,=
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zkhuh g z￿&￿ lv wkh suhglfwhg ydoxh iurp htxdwlrq +4<,1 Wkh lqvwuxphqwv duh lqwhudfwlrqv ehwzhhq
|hdu0ri0eluwk gxpplhv +iru shrsoh 45 ru |rxqjhu lq 4<:7, dqg surjudp lqwhqvlw| lq wkh uhjlrq ri
eluwk1
Wkh uhvxow ri wkh lqwurgxfwlrq ri wkh fruuhfwlrq iru vdpsoh vhohfwlrq lv suhvhqwhg lq wdeoh :/
froxpq 8 +sdqho D4,1 Wkh fkdqjh lq wkh frhflhqw lv vpdoo1 Lw fkdqjhv iurp ;14 shufhqw +lq
froxpq 6, wr <15 shufhqw1 Wr fkhfn wkh vhqvlwlylw| ri wklv uhvxow wr ixqfwlrqdo irup dvvxpswlrqv/
L kdyh uxq vlplodu vshflfdwlrqv frqwuroolqj iru kljkhu0rughu whupv ri wkh vhohfwlrq suredelolw|
+fxelf dqg irxuwk srzhu,/ dqg wkh hvwlpdwhv gr qrw fkdqjh pxfk1
L dssolhg wkh vdph vdpsoh fruuhfwlrq surfhgxuh wr wkh rwkhu vshflfdwlrqv1 Frqyhqwlrqdo
hvwlpdwhv dqg wkh vhohfwlrq0fruuhfwhg hvwlpdwhv duh vlplodu1 Wklv vxjjhvwv wkdw vhohfwlrq eldv
grhv qrw kdyh d elj lpsdfw rq wkh hvwlpdwlrq ri wkh frhflhqw ri hgxfdwlrq1
D sureohp zlwk wklv surfhgxuh lv wkdw L xvh ixqfwlrqv ri wkh |hdu dqg uhjlrq0ri0eluwk lqwhudf0
wlrqv erwk dv lqvwuxphqwv dqg dv frqwurov1 Wkh vhfrqg vwdjh lv vwloo ryhulghqwlhg +wkhuh duh qrz
45 lqvwuxphqwv iru 6 sdudphwhuv wr hvwlpdwh,1 Exw wkh lghqwlfdwlrq lv iudjloh1 Lw uhvwv rq wkh
idfw wkdw L xvh vhyhudo lqvwuxphqwv wr phdvxuh wkh surjudp lqwhqvlw|1 Wklv ohdgv/ lq sduwlfxodu/
wr d orzhu I0vwdwlvwlf lq wkh uvw vwdjh/ dqg wr odujhu vwdqgdug huuruv lq wkh vhfrqg vwdjh1 Dq
dowhuqdwlyh dssurdfk lv wr lpsxwh dq lqfrph iru vhoi0hpsor|hg lqglylgxdov dqg h{dplqh zkhwkhu
wkh uhvxowv fkdqjh zkhq wkh hvwlpdwlrq lv shuiruphg lq wklv _frpsohwhg vdpsoh1%
Wr wklv hqg/ L xvh wkh lqfrph dqg h{shqglwxuh prgxoh ri wkh 4<<6 VXVHQDV vxuyh|1 Ryhu
83/333 lqglylgxdov duh lqfoxghg lq wklv prgxoh1 Wkh VXVHQDV grhv qrw uhsruw wkh sodfh ri eluwk
ri wkh lqglylgxdov1 Krxvhkrogv uhsruw wkh phpehuv* rffxsdwlrqv dqg wkh vhfwru ri dfwlylw| iurp
zklfk wkh| ghulyh wkhlu pdlq vrxufh ri lqfrph1 Lq dgglwlrq/ wkh vxuyh| froohfwv lqirupdwlrq rq
zdjhv uhfhlyhg e| hdfk phpehu ri wkh krxvhkrog/ lqfrph ghulyhg iurp wkh vdoh ri surgxfwv dqg
5<vhuylfhv ri wkh krxvhkrog exvlqhvv +ru idup,/ dqg rshudwlqj h{shqvhv uhodwhg wr lw1 L ghqh wkh
lqfrph dffuxlqj wr wkh krxvhkrog iurp hdfk krxvhkrog exvlqhvv dv wkh glhuhqfh ehwzhhq vdohv
dqg h{shqvhv iru wklv exvlqhvv1 L fdofxodwh wkh dyhudjh lqfrph ghulyhg iurp wkh pdlq dfwlylw|
ri wkh krxvhkrog iru fhoov ghqhg e| vhfwru +< lqgxvwuldo vhfwruv dqg vhuylfhv dqg 7 w|shv ri
djulfxowxudo dfwlylwlhv,/ vwdwxv/ dqg xuedq2uxudo uhvlghqfh1 Wr fkhfn wkh frqvlvwhqf| ehwzhhq wkh
wzr vrxufhv/ L uhsruw lq wdeoh 4 wkh dyhudjh prqwko| lqfrph ri zdjh hduqhuv dqg wkhlu dyhudjh
lqfrph lpsxwhg xvlqj wklv surfhgxuh1 Wkh wzr jxuhv duh txlwh forvh1 Wkh glhuhqfh lv h{sodlqhg
e| wkh idfw wkdw wkh VXVHQDV zdv grqh lq 4<<6 zkloh wkh VXSDV zdv lq 4<<81 Wkh dyhudjh
prqwko| lqfrph iru vhoi0hpsor|hg lqglylgxdov lv vpdoohu wkdq iru zdjh hduqhuv1
Wkh jrdo ri wklv h{huflvh lv wr h{dplqh zkhwkhu wkh uhvxowv duh vhqvlwlyh wr wkh lqfoxvlrq ri
vhoi0hpsor|hg lqglylgxdov lq wkh hvwlpdwlrq1 Wkhuhiruh/ L _frpsohwh% wkh vdpsoh e| ghqlqj wkh
ghshqghqw yduldeoh dv wkh orjdulwkp ri prqwko| hduqlqjv li wkh| duh uhfrughg lq wkh VXSDV gdwd
+iru lqglylgxdov zrunlqj iru sd|, dqg wkh orjdulwkp ri wkh dyhudjh lqfrph iurp wkh VXVHQDV lq
wkh lqglylgxdo*v rffxsdwlrq fhoo doo iru vhoi0hpsor|hg lqglylgxdov +pxowlsolhg e| wkh zdjh lqdwlrq
idfwru ghqhg dv wkh udwlr ri wkh dyhudjh zdjh iurp wkh VXSDV dqg wkh dyhudjh lqfrph ri zdjh
hduqhuv lpsxwhg iurp wkh VXVHQDV ,1￿D
Wkh uhvxowv duh suhvhqwhg lq wdeoh :/ sdqho E51 Wkh| pxvw eh frpsduhg wr wkh uhvxowv lq sdqho
D5/ zkhuh wkh ghshqghqw yduldeoh lv wkh orjdulwkp ri prqwko| hduqlqjv ri zdjh hduqhuv1 Lq doo
fdvhv/ wkh hvwlpdwhv xvlqj wkh frpsohwhg vdpsoh duh vpdoohu wkdq wkrvh xvlqj wkh vdpsoh ri zdjh
hduqhuv1 Wkh| duh txlwh forvh/ h{fhsw lq wkh vshflfdwlrq frqwuroolqj iru wkh zdwhu dqg vdqlwdwlrq
surjudp +froxpq 6,/ zkhuh lw gursv wr 618 shufhqw1 Wklv sduwlfxodu uhvxow lv vxusulvlqj/ exw wkh
idfw wkdw wkh uhwxuqv iru wkh frpsohwh vdpsoh duh vrphzkdw vpdoohu wkdq iru wkh vdpsoh ri zdjh
hduqhuv lqglfdwhv wkdw uhwxuqv wr hgxfdwlrq pljkw eh kljkhu lq wkh zdjh vhfwru wkdq dprqj wkh
vhoi0hpsor|hg1
Wklv dgglwlrqdo hylghqfh vxssruwv wkh lghd wkdw vdpsoh vhohfwlrq lv qrw dq lpsruwdqw sureohp
lq wklv dssolfdwlrq1 D vwdwlvwlfdo vdpsoh vhohfwlrq fruuhfwlrq surfhgxuh grhv qrw fkdqjh wkh
hvwlpdwhv vljqlfdqwo|1 Xvlqj wkh frpsohwh vdpsoh e| lpsxwlqj dq lqfrph wr vhoi0hpsor|hg
lqglylgxdov dovr surgxfhv vlplodu hvwlpdwhv lq prvw vshflfdwlrqv1
63YL1 Frpsdulqj Frvwv dqg Ehqhwv
Wkh hvwlpdwhv ri wkh surjudp*v hhfw rq zdjhv fdq eh xvhg wr frpsduh wkh frvwv ri exloglqj dqg
rshudwlqj wkh qhz vfkrrov wr wkh dgglwlrqdo zhdowk wkh| jhqhudwhg/ xqghu wkh dvvxpswlrq wkdw
wkh lqfuhdvh lq zdjhv uhsuhvhqwv dq lqfuhdvh lq kxpdq fdslwdo dqg wkdw wkh jhqhudo htxloleulxp
hhfwv zhuh qrw lpsruwdqw1￿S Q r w hw k d wl qw k l vf d v h /w k hl q f u h d v hl qz d j h vx q g h u h v w l p d w h v
wkh wrwdo ehqhw jhqhudwhg e| wkh surjudp= wkh lqfuhdvh lq hgxfdwlrq lv olnho| wr dhfw rwkhu
rxwfrphv +ihuwlolw|/ fklog pruelglw| dqg pruwdolw|/ hwf1,1￿. Wkhvh fdofxodwlrqv uhtxluh dgglwlrqdo
dvvxpswlrqv dqg vkrxog eh wdnhq zlwk frqvlghudeoh fdxwlrq1 Qhyhuwkhohvv/ lw lv xvhixo wr hydoxdwh
wkh pdjqlwxgh ri wkh frqvhtxhqfhv ri vxfk d odujh0vfdoh surjudp= wkh glvfrxqwhg vxp ri wkh frvw
ri frqvwuxfwlrq dorqh iurp 4<:6 wr 4<:< uhsuhvhqwhg pruh wkdq 5 shufhqw ri Lqgrqhvld*v JGS lq
4<:61
Wkh suhvlghqwldo lqvwuxfwlrqv lqglfdwhg hdfk |hdu wkh frvwv ri exloglqj wkh qhz vfkrrov lq
hdfk uhjlrq dqg wkh qxpehu ri whdfkhuv wr eh doorfdwhg lq hdfk vfkrro1 Wkh wrwdo frvw ri exloglqj
ryhu 94/333 vfkrrov uhdfkhg voljkwo| ryhu 8 eloolrq 4<<3 X1V1 grooduv1 Ghwdlohg lqirupdwlrq rq wkh
frvw ri hgxfdwlrq lq Lqgrqhvld kdv ehhq froohfwhg e| Gdurhvpdq +4<:4,1 Vkh xvhg d vxuyh| ri
vfkrrov wkdw vkh kdg frqgxfwhg dqg ydulrxv dgplqlvwudwlyh vrxufhv1 L xvhg khu gdwd rq whdfkhuv*
vdodulhv/ uhfxuuhqw h{shqglwxuhv/ dqg wkh frvwv ri whdfkhu wudlqlqj lq 4<:41 Xvlqj p| gdwd/ L
wkhq hvwlpdwhg wkh dyhudjh zdjh ri d sulpdu| vfkrro whdfkhu lq 4<<8/ dqg L lqwhusrodwhg olqhduo|
wkh zdjh ehwzhhq 4<:4 dqg 4<<8 +wklv uhsuhvhqwv dq dqqxdo jurzwk voljkwo| kljkhu wkdq wkh
jurzwk ri Lqgrqhvld*v JGS ryhu wkh shulrg,1 Vfkrro exloglqjv frqvwuxfwhg dw wkh wlph zhuh
phdqw wr uhpdlq dfwlyh iru wzhqw| |hduv +Gdurhvpdq +4<:4,,1￿H L dp/ wkhuhiruh/ dvvxplqj wkdw
wkh surjudp odvwhg iru wzhqw| |hduv1 Wkhvh dqg rwkhu dvvxpswlrqv duh vxppdul}hg lq wdeoh ;/
sdqho E1
Lq vxppdu|/ |hduo| frvwv duh fdofxodwhg xvlqj wkh iroorzlqj irupxod=￿b
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zkhuh N lv wkh wrwdo fdslwdo frvw/ WF lv wkh wrwdo wudlqlqj frvw/ Z+w, uhsuhvhqwv wkh vxp ri
whdfkhuv* zdjh dw gdwh w/d q gu lv wkh uhdo lqwhuhvw udwh +glvfrxqw udwh,1 Ilqdoo|/ L suhvhqw wkh
frvw0ehqhwv dqdo|vlv iru wzr glhuhqw dvvxpswlrqv derxw wkh ghdgzhljkw exughq ri wd{dwlrq
+315 dqg 319,1
64Ixuwkhu dvvxpswlrqv duh qhhghg wr frpsxwh wkh |hduo| ehqhwv ri wkh surjudp1 Iluvw/ dq
lpsruwdqw dvvxpswlrq lv wkdw wkh lqfuhdvh lq zdjhv dwwulexwhg wr wkh surjudp uhsuhvhqwv dq
lqfuhdvh lq wkh surgxfwlylw| ri oderu +dqg wkdw wkhuh lv qr jhqhudo htxloleulxp hhfwv rq wkh
uhwxuqv wr hgxfdwlrq,1 Vhfrqg/ L hvwlpdwhg wkh hhfw ri wkh surjudp rq phq zkr zrun iru d
zdjh1 L dvvxph wkdw wkh hhfw lv wkh vdph rq +zrunlqj, zrphq dqg rq vhoi0hpsor|hg shrsoh1
L dovr dvvxph wkdw wkh vkduh ri wrwdo oderu lqfrph jrlqj wr shrsoh ri dq| jlyhq djh lv frqvwdqw
dfurvv |hduv dqg lv htxdo wr wkh vkduh ri wrwdo zdjhv jrlqj wr wklv frkruw lq 4<<8 +zklfk L fdq
fdofxodwh iurp p| gdwd,1 Wkxv/ L hvwlpdwh wkh ehqhw ri wkh surjudp dw gdwh w/ iru d frkruw f
xvlqj wkh iroorzlqj irupxod=
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zkhuh  lv wkh vkduh ri oderu lq JGS/ V+f>w, lv wkh iudfwlrq ri wrwdo zdjhv hduqhg e| frkruw
f/l q| h d uw/d q gH+f, lv wkh hvwlpdwhg dyhudjh hhfw ri wkh surjudp rq frkruw f1L w l v 3 i r u
shrsoh 46 ru roghu lq 4<:7 +wkh| zhuh qrw h{srvhg wr wkh surjudp,1 Iru shrsoh djhg 5 wr 45 lq
4<:7/ wkh hhfw lv jlyhq e| wkh frhflhqwv lq wdeoh 7/ pxowlsolhg e| wkh dyhudjh lqwhqvlw| ri wkh
surjudp1 Iru wkh iroorzlqj frkruwv/ L dvvxph wkdw wkh hhfw ri wkh surjudp ghfuhdvhv dw wkh
udwh ri srsxodwlrq jurzwk1ef Wr rewdlq wkh wrwdo ehqhwv iru hdfk |hdu/ L wdnh wkh vxp ri wkhvh
ehqhwv ryhu doo frkruwv1
Lq jxuh 44/ L vkrz wkh dqqxdo frvwv dqg ehqhwv ri wkh surjudp iurp 4<:6 wr 5393/ hydoxdwhg
lq ploolrqv ri 4<<3 X1V1 grooduv1 Wkh dvvxpswlrqv iru wklv slfwxuh duh d JGS jurzwk ri 5 shufhqw
diwhu 4<<9/ d ghdgzhljkw exughq ri 315/ dqg d glvfrxqw udwh ri 8 shufhqw1 Wkh hvwlpdwhv ri
wkh surjudp hhfw duh wkrvh iurp wdeoh 7/ froxpq 81 Ehqhwv duh yhu| orz iurp 4<:6 wr 4<;:
ehfdxvh wkh jhqhudwlrqv h{srvhg wr wkh surjudp kdyh qrw |hw hqwhuhg wkh mre pdunhw1 Diwhu
4<;</ ehqhwv lqfuhdvh udslgo|= hdfk |hdu/ d qhz frkruw h{srvhg wr wkh surjudp hqwhuv wkh mre
pdunhw1 Diwhu 5348/ zkhq wkh jhqhudwlrq h{srvhg wr wkh surjudp vwduwv ohdylqj wkh mre pdunhw/
dqqxdo ehqhwv ghfuhdvh xqwlo wkh| uhdfk 3 e| 5383 +zkhq wkh odvw frkruwv hgxfdwhg lq wkhvh
vfkrrov ohdyh wkh mre pdunhw,1 Frvwv lqfuhdvh udslgo| iurp 4<:6 wr 4<:</ dv pruh vfkrrov duh
exlow dqg pruh whdfkhuv qhhg wr eh sdlg1 Rqfh wkh wrwdo vwrfn lv exlow/ frvwv lqfuhdvh rqo| dv
whdfkhuv* vdodulhv jurz1 Lq 4<<8/ zkhq wkh vfkrrov duh forvhg/ wkh frvwv idoo wr d yhu| orz ohyho
fruuhvsrqglqj wr wkh dqqxlw| sd|phqw rq lqlwldo fdslwdo h{shqglwxuhv1 Lq 4<<9/ ehqhwv h{fhhg
65frvwv1
Wkh uhohydqw yduldeoh iru wkh frvw ehqhw fdofxodwlrq lv wkh glvfrxqwhg vxp ri qhw ehqhwv dw
lqqlw| +ghqhg dv wkh glhuhqfh ehwzhhq |hduo| ehqhwv dqg |hduo| frvwv,1 Iljxuh 45 sorwv wklv
vhulhv +glvfrxqwhg iurp 4<:6, dv d iudfwlrq ri 4<:6 JGS1 Iurp 5338 rq/ wkh glvfrxqwhg vxp ri
qhw ehqhwv lv srvlwlyh dqg lqfuhdvhv udslgo|1 Wkh surjudp*v frpsrxqghg qhw ehqhwv lq 5383
uhdfk 4; shufhqw ri 4<:6*v JGS1e￿ Wkh surjudp uhtxluhv pruh wkdq wkluw| |hduv wr |lhog srvlwlyh
uhwxuqv/ exw wkhvh uhwxuqv duh kljk1
Lq wdeoh ;/ L suhvhqw dq hydoxdwlrq ri wkh surjudp*v uhwxuqv iru wkh uvw wzr vshflfdwlrqv
hvwlpdwhg lq wdeoh 7 dqg wkuhh glhuhqw dvvxpswlrqv derxw wkh jurzwk udwh ri wkh JGS iurp
4<<9 wr 53831 L suhvhqw wkh glvfrxqwhg vxp ri surjudp ehqhwv lq ploolrqv ri 4<<3 X1V1 grooduv
dv d iudfwlrq ri 4<:6 JGS dqg dv d iudfwlrq ri frvwv +fdofxodwhg e| glylglqj wkh glvfrxqwhg vxp
ri wkh surjudp e| wkh frvw ri wkh frqvwuxfwlrq ri wkh qhz exloglqjv dqg wudlqlqj ri wkh qhz
whdfkhuv,1 Wr hydoxdwh wkh frqwulexwlrq ri hfrqrplf jurzwk wr wkh ehqhwv ri wkh surjudp/ L
dovr suhvhqw wkhvh uhvxowv zlwk wkh dvvxpswlrq wkdw Lqgrqhvld*v JGS juhz dw d udwh ri 5 shufhqw
dqqxdoo| iurp 4<:6 wr 53831
Wkh frvw0ehqhwv dqdo|vlv lv vhqvlwlyh wr wkh vshflfdwlrq fkrvhq iru wkh hvwlpdwlrq ri wkh
surjudp hhfw dqg wr wkh dvvxpswlrqv derxw ixwxuh jurzwk udwhv lq Lqgrqhvld1 Qhyhuwkhohvv/
wkuhh pdlq srlqwv hphujh iurp wklv dqdo|vlv1 Iluvw/ d vfkrro frqvwuxfwlrq surjudp wdnhv d yhu|
orqj wlph wr jhqhudwh srvlwlyh uhwxuqv +ehfdxvh wkh frvwv duh lqfxuuhg hduo| rq/ zkloh wkh ehqhwv
duh vsuhdg ryhu d jhqhudwlrq*v olihwlph,1 Vhfrqg/ wkh uhwxuqv jhqhudwhg duh odujh1 E| 5383/ lq
wkh vpdoohvw hvwlpdwh/ wkh surjudp zloo kdyh jhqhudwhg qlqh wlphv dv pxfk uhyhqxh dv lwv lqlwldo
frvw1 Wklug/ wkh ehqhwv duh wr d odujh h{whqw gulyhq e| wkh udslg jurzwk ri Lqgrqhvld*v JGS
iurp 4<:6 wr 4<<: +zklfk uhvxowv iurp wkh idfw wkdw hdfk |hdu*v ehqhwv duh d iudfwlrq ri wkdw
|hdu*v JGS,1 Li wkh jurzwk udwh kdg ehhq yhu| orz iurp 4<:6 xqwlo wrgd|/ wkh qhw suhvhqw ydoxh
ri wkh surjudp zrxog dfwxdoo| kdyh ehhq voljkwo| qhjdwlyh/ dffruglqj wr doo vshflfdwlrqv exw
rqh1 Wkhuhiruh/ wklv surjudp lv mxvwlhg h{ srvw1 Lqyhvwlqj lq hgxfdwlrq lv pxfk pruh ydoxdeoh/
iurp d jryhuqphqw srlqw ri ylhz/ li lw h{shfwv d idvw vxevhtxhqw jurzwk1e2
Wkh odvw wkuhh olqhv lq wdeoh ;/ sdqho D lqglfdwh wkh lqwhuqdo udwh ri uhwxuq ri wkh surjudp
+wkh lqwhuhvw udwh vxfk wkdw wkh qhw suhvhqw ydoxh lv 3,1 Xvlqj wkh dfwxdo JGS jurzwk ehwzhhq
4<:6 dqg 4<<:/ wkh| udqjh iurp ;1; shufhqw wr 45 shufhqw/ ghshqglqj rq wkh vshflfdwlrq dqg
66k|srwkhvlv fkrvhq1 Wkhvh qxpehuv duh kljk/ exw uhdvrqdeoh1 Wkh hylghqfh/ wkhuhiruh/ vxjjhvwv
wkdw wkh surjudp zdv d surwdeoh lqyhvwphqw/ zlwk dq lqwhuqdo udwh ri uhwxuqv vxevwdqwldoo|
kljkhu wkdq wkh dyhudjh lqwhuhvw udwh rq jryhuqphqw ghew lq Lqgrqhvld ryhu wkh shulrg1 Wkh
surwdelolw| ri wklv lqyhvwphqw zrxog kdyh ehhq pxfk ohvv reylrxv li Lqgrqhvld*v hfrqrplf jurzwk
kdg ehhq vorzhu1
YLL1 Frqfoxvlrq
Wkh LQSUHV surjudp ri sulpdu| vfkrro frqvwuxfwlrq ohg wr dq lqfuhdvh lq hgxfdwlrqdo dwwdlq0
phqw lq Lqgrqhvld1 Wkh hvwlpdwhv ri wkh hhfw ri wkh surjudp rq wkh hgxfdwlrq ri fkloguhq djhg
5 wr 9 lq 4<:7 udqjh iurp 3145 wr 314< |hduv iru hdfk qhz vfkrro exlow shu 4/333 fkloguhq1 Lq
sduwlfxodu/ lw kdv hqfrxudjhg d vljqlfdqw sursruwlrq ri wkh srsxodwlrq wr frpsohwh pruh |hduv
ri sulpdu| hgxfdwlrq1 Wklv lqfuhdvh kdv wudqvodwhg lqwr dq lqfuhdvh lq zdjhv ri 418 wr 51: shufhqw
iru hdfk dgglwlrqdo vfkrro exlow shu 4/333 fkloguhq1 Hvwlpdwhv ri hfrqrplf uhwxuqv wr hgxfdwlrq
xvlqj wklv h{rjhqrxv yduldwlrq lq vfkrrolqj +dvvxplqj wkdw wkh surjudp kdg qr rwkhu hhfw wkdq
wr lqfuhdvh wkh txdqwlw| ri hgxfdwlrq, udqjh iurp 91; shufhqw wr 4319 shufhqw1 Wkhvh qxpehuv
fdq eh lqwhusuhwhg dv zhljkwhg dyhudjhv ri uhwxuqv wr edvlf hgxfdwlrq iru shrsoh zkr duh dhfwhg
e| wkh lqvwuxphqwv/ d jurxs wkdw lv olnho| wr lqfoxgh wkh srruhvw vhjphqw ri wkh srsxodwlrq1
Wkh qglqjv uhsruwhg khuh duh lpsruwdqw ehfdxvh wkh| vkrz wkdw/ lq Lqgrqhvld/ dq xqxvxdoo|
odujh jryhuqphqw0dgplqlvwhuhg lqwhuyhqwlrq kdv ehhq hhfwlyh lq lqfuhdvlqj erwk hgxfdwlrq dqg
zdjhv1 Wklv lqwhuyhqwlrq zdv phdqw wr lqfuhdvh wkh txdqwlw| ri hgxfdwlrq +phdvxuhg/ lq wkh
LQSUHV lqvwuxfwlrqv/ e| hquroophqw udwhv,1 Lw lv vrphwlphv ihduhg wkdw wkh ghwhulrudwlrq lq wkh
t x d o l w |r ih g x f d w l r qw k d wf r x o gu h v x o wi u r pw k l vw | s hr is u r j u d pf r x o gr  v h wd q |j d l ql qt x d q w l w | 1
Krzhyhu/ wkh surjudp zdv hhfwlyh lq lqfuhdvlqj qrw rqo| hgxfdwlrq ohyhov/ exw dovr zdjhv1 Wklv
vxjjhvwv wkdw wkh frpelqhg hhfw ri txdolw| dqg txdqwlw| fkdqjhv lq hgxfdwlrq zdv wr lqfuhdvh
kxpdq fdslwdo1 L suhvhqwhg vrph hylghqfh wkdw wkh txdolw| ri hgxfdwlrq grhv qrw vhhp wr kdyh
ghwhulrudwhg vljqlfdqwo| ehfdxvh ri wkh surjudp1 Exw hyhq li lw kdv/ wkh hhfw rq zdjhv vkrzv
wkdw wklv ghfolqh zdv qrw vxflhqw wr rvhw wkh lpsdfw ri wkh lqfuhdvh lq txdqwlw|1
L suhvhqwhg hylghqfh lq idyru ri wkh lqwhuqdo ydolglw| ri wkhvh uhvxowv1 L kdyh vkrzq wkdw
fkdqjhv ehwzhhq frkruwv zhuh qrw v|vwhpdwlfdoo| glhuhqw lq orz0 dqg kljk0surjudp uhjlrqv
ehiruh wkh surjudp vwduwhg/ dqg L kdyh wulhg wr frqwuro iru wkh wzr yduldeohv +wkh zdwhu dqg
67vdqlwdwlrq surjudp dqg wkh hquroophqw udwh lq 4<:4, zkrvh rplvvlrq zdv prvw olnho| wr eldv wkh
hvwlpdwhv1 Lw uhpdlqv srvvleoh wkdw wkhvh uhvxowv fdqqrw eh jhqhudol}hg wr glhuhqw vlwxdwlrqv1 Lq
sduwlfxodu/ wkh hpskdvlv rq hgxfdwlrq lq Lqgrqhvld dw wkh wlph ri wkh surjudp fuhdwhg d frqwh{w
sduwlfxoduo| idyrudeoh wr lwv vxffhvv1
Wkh frvw0ehqhwv dqdo|vlv vxjjhvwv wkdw wkh frvw ri wkh surjudp zdv vpdoohu wkdq wkh glv0
frxqwhg olihwlph jdlqv lq wkh zdjhv ri wkh jhqhudwlrq zkr zhuh h{srvhg wr lw1 Lw vkrxog eh
qrwhg/ krzhyhu/ wkdw wklv dorqh grhv qrw whoo xv wkdw wkh srolf| vkrxog kdyh ehhq lpsohphqwhg ru
qdqfhg e| wkh jryhuqphqw1 Wr dqvzhu wklv txhvwlrq/ zh qhhg wr ghwhuplqh zkhwkhu wkh ohyhov
ri hgxfdwlrq zrxog kdyh ehhq ehorz wkh vrfldo rswlpxp lq wkh devhqfh ri wkh surjudp1 Wklv
zrxog eh wkh fdvh li dowuxlvp zhuh lpshuihfw zlwklq wkh idplo| +vr wkdw sduhqwv/ zkr lq sudfwlfh
pdnh hgxfdwlrqdo fkrlfhv/ gr qrw h{wudfw wkh ixoo ehqhw ri lw,/ li krxvhkrogv zhuh idflqj fuhglw
frqvwudlqwv/ ru li wkhuh zhuh srvlwlyh vslooryhuv ri hgxfdwlrq1 Dqvzhulqj wkhvh txhvwlrqv lv eh|rqg
wkh vfrsh ri wklv sdshu/ exw ixwxuh uhvhdufk frxog xvh wkh yduldwlrqv lq hgxfdwlrq lqgxfhg e|
wkh LQSUHV surjudp wr hvwlpdwh wkh lpsdfw ri hgxfdwlrq rq rwkhu rxwfrphv +ihuwlolw| dqg fklog
khdowk iru h{dpsoh,1 Ixwxuh uhvhdufk frxog dovr dgguhvv wkh txhvwlrq ri wkh vrfldo uhwxuqv wr
hgxfdwlrq e| h{dplqlqj zkhwkhu wkh lqfrph ri wkh frkruwv qrw h{srvhg wr wkh surjudp lqfuhdvhg
idvwhu ryhu wlph lq uhjlrqv zkhuh wkh surjudp fdxvhg lqfuhdvhv lq wkh hgxfdwlrq ri wkh |rxqjhu
frkruwv1
68+iuihi?Uit
Dkq/ K|xqjwdln dqg Mdphv O1 Srzhoo/ _Vhpl0Sdudphwulf Hvwlpdwlrq ri Fhqvruhg Vhohfwlrq
Prgho zlwk d Qrq0Sdudphwulf Vhohfwlrq Phfkdqlvp/% Mrxuqdo ri Hfrqrphwulfv/ 4<<6/ 8;/
6~5<1
Dqjulvw/ Mrvkxd G1/ _Frqglwlrqlqj rq wkh Suredelolw| ri Vhohfwlrq wr Frqwuro Vhohfwlrq Eldv/%
Whfkqlfdo Zrunlqj Sdshu 4;4/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk 4<<81
/ _Wkh Hfrqrplf Uhwxuqv wr Vfkrrolqj lq wkh Zhvw Edqn dqg Jd}d Vwuls/% Dphulfdq
Hfrqrplf Uhylhz/ 4<<8/ ;8 +8,/ 4398~43;:1
dqg Jxlgr Lpehqv/ _Lghqwlfdwlrq dqg Hvwlpdwlrq ri Orfdo Dyhudjh Wuhdwphqw Hhfwv/%
Hfrqrphwulfd/ 4<<7/ 95 +5,/ 79:~7:81
dqg / _Wzr Vwdjh Ohdvw Vtxduhv Hvwlpdwlrq ri Dyhudjh Fdxvdo Hhfwv lq Prghov
zlwk Yduldeoh Wuhdwphqw Lqwhqvlw|/% Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 4<<8/
<3/ 764~7751
dqg Z1Q1 Hydqv/ _Vfkrrolqj dqg Oderu Pdunhw Frqvhtxhqfhv ri wkh 4<:3 Vwdwh Deruwlrq
Uhirup/% Zrunlqj Sdshu 8739/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk 4<<91
Dvkhqihowhu/ Ruoh|/ Frop S1 Kduprq/ dqg Khvvho Rrvwhuehhn/ _Hpslulfdo Hvwlpdwlrq ri
wkh Vfkrrolqj2Hduqlqjv Uhodwlrqvkls 0 D Uhylhz/% 4<<;1 Plphr/ Xqlyhuvlw| Froohjh Gxeolq1
Edsshqdv/ Shgrpdq Shodnvdqddq Edqwxdq Shpedjxqdq Vhnrodk Gdvdu Phqxuxw Lqvwuxnl Suhv0
lghq Uhsxeoln Lqgrqhvld 4<:6/ 4<:7/ 4<:8/ 4<:9/ 4<::/ 4<:;1
Ehfnhu/ Jdu|/ Kxpdq Fdslwdo dqg wkh Shuvrqdo Glvwulexwlrq ri Lqfrph/ Dqq Dueru/ Plfkljdq=
Xqlyhuvlw| ri Plfkljdq Suhvv/ 4<9:1
Ehkupdq/ Mhuh U1/ _Wkh Dfwlrq ri Kxpdq Uhvrxufhv dqg Sryhuw| rq Rqh Dqrwkhu/% Zrunlqj
Sdshu :7/ Olylqj Vwdqgdugv Phdvxuhphqw Vwxglhv 4<<31
dqg Dqlo E1 Ghrodolndu/ _Vfkrro Uhshwlwlrq/ Gursrxw dqg wkh Uhwxuqv wr Vfkrrolqj= wkh
Fdvh ri Lqgrqhvld/% R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 4<<4/ 86 +7,/ 79:~7;31
69dqg / _Xqrevhuyhg Krxvhkrog dqg Frppxqlw| Khwhurjhqhlw| dqg wkh Oderu Pdunhw
Lpsdfw ri Vfkrrolqj= D Fdvh Vwxg| ri Lqgrqhvld/% Hfrqrplf Ghyhorsphqw dqg Fxowxudo
Fkdqjh/ 4<<6/ 74/ 794~7;;1
dqg Qdqf| Elugvdoo/ _Wkh Txdolw| ri Vfkrrolqj= Txdqwlw| Dorqh lv Plvohdglqj/% Dphu0
lfdq Hfrqrplf Uhylhz/ 4<;6/ :6/ <5;~<791
Elov/ Pdun dqg Shwhu Nohqrz/ _Grhv Vfkrrolqj Fdxvh Jurzwk ru wkh Rwkhu Zd| DurxqgB/%
Zrunlqj Sdshu 96<6/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk 4<<;1
Elugvdoo/ Qdqf|/ _Sxeolf Lqsxwv dqg Fklog Vfkrrolqj lq Eud}lo/% Mrxuqdo ri Ghyhorsphqw
Hfrqrplfv/ 4<;8/ 4; +4,/ 9:~;61
Exwfkhu/ Nulvwlq I1 dqg Dqqh Fdvh/ _Wkh Hhfw ri Vleolqj Vh{ Frpsrvlwlrq rq Zrphq*v
Hgxfdwlrq dqg Hduqlqjv/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 4<<7/ 43< +6,/ 864~8961
Fdug/ Gdylg/ _Xvlqj Jhrjudsklf Yduldwlrq lq Froohjh Sur{lplw| wr Hvwlpdwh wkh Uhwxuqv wr
Vfkrrolqj/% Zrunlqj Sdshu 77;6/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk 4<<61
/ _Hduqlqjv/ Vfkrrolqj dqg Delolw| Uhylvlwhg/% lq V1 Srodfkhn/ hg1/ Uhvhdufk lq Oderu Hfr0
qrplfv/ Juhhqzlfk/ FW= MDL Suhvv/ 4<<81
/ _Wkh Fdvxdo Hhfw ri Hgxfdwlrq rq Hduqlqjv/% lq Ruoh| Dvkhqihowhu dqg Gdylg Fdug/
hgv1/ Kdqgerrn ri Oderu Hfrqrplfv/ Qruwk Kroodqg/ 4<<<1
dqg Dqqh Nuxhjhu/ _Grhv Vfkrro Txdolw| PdwwhuB Uhwxuqv wr Hgxfdwlrq dqg wkh
Fkdudfwhulvwlfv ri Sxeolf Vfkrrov lq wkh Xqlwhg Vwdwhv/% Mrxuqdo ri Srolwlfdo Hfrqrp|/
4<<5/ 433 +4,/ 4~731
dqg Wkrpdv Ohplhx{/ _Hduqlqjv/ Hgxfdwlrq dqg wkh Fdqdgldq JL Eloo/% 4<<;1 Plphr/
Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh|1
Fdvh/ Dqqh dqg Dqjxv Ghdwrq/ _Vfkrro Txdolw| dqg Hgxfdwlrqdo Rxwfrphv lq Vrxwk
Diulfd/% 4<<91 Plphr/ Uhvhdufk Surjudp lq Ghyhorsphqw Vwxglhv/ Sulqfhwrq Xqlyhuvlw|1
Gdurhvpdq/ Uxwk/ _Ilqdqfh ri Hgxfdwlrq/% Exoohwlq ri Lqgrqhvldq Hfrqrplf Vwxglhv/ 4<:4/
: +6,/ 94~<81 Sduwv 4 dqg 51
6:GhWud|/ Ghqqlv/ _Jryhuqphqw Srolf|/ Krxvhkrog Ehkdylru dqg wkh Glvwulexwlrq ri Vfkrrolqj=
D Fdvh Vwxg| ri Pdod|vld/% lq W1S1 Vfkxow}/ hg1/ Uhvhdufk lq Srsxodwlrq Hfrqrplfv/Y r o 19 /
Juhhqzlfk/ FW= MDL Suhvv/ 4<;;1
Irvwhu/ Dqguhz G1 dqg Pdun U1 Urvhq}zhlj/ _Whfkqlfdo Fkdqjh dqg Kxpdq0Fdslwdo Uh0
wxuqv dqg Lqyhvwphqwv= Hylghqfh iurp wkh Juhhq Uhyroxwlrq/% Dphulfdq Hfrqrplf Uhylhz/
4<<9/ ;9 +7,/ <64~<861
Jduj/ Dvklvk dqg Mrqdwkdq Prugxfk/ _Vleolqj Ulydou|/% 4<<:1 Plphr/ Sulqfhwrq1
Jhuwohu/ Sdxo dqg Mrkq Z1 Pro|qhdx{/ _Krz Hfrqrplf Ghyhorsphqw dqg Idplo| Sodqqlqj
Surjudpv Frpelqhg wr Uhgxfh Lqgrqhvldq Ihuwlolw|/% Ghprjudsk|/ 4<<7/ 64 +4,/ 66~961
Johzzh/ Sdxo dqg Kdqdq Mdfre|/ _Dq Hfrqrphwulf Dqdo|vlv rj Ghod|hg Sulpdu| Vfkrro
Hquroophqw dqg Fklogkrrg Pdoqxwulwlrq lq d Orz Lqfrph Frxqwu|/% Uhylhz ri Hfrqrplfv
dqg Vwdwlvwlfv/ :: +4,/ 489~49<1
Julolfkhv/ ]yl/ _Hvwlpdwlqj wkh Uhwxuqv wr Vfkrrolqj= Vrph Hfrqrphwulf Sureohpv/% Hfrqr0
phwulfd/ 4<::/ 78/ 4~551
/ _Vleolqj Prgho dqg Gdwd lq Hfrqrphwulfv= Ehjlqqlqjv ri d Vxuyh|/% Mrxuqdo ri Srolwlfdo
Hfrqrp|/ 4<:</ ;:/ V6:~V971
Khfnpdq/ Mdphv M1/ _Frpphqwv wr Qdgd Hlvvd/% lq P1 Ihogvwhlq dqg M1 Srwhued/ hgv1/ Hp0
slulfdo Irxqgdwlrq ri Krxvhkrog Wd{dwlrq/ Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv/ 4<<91
dqg Y1 Mrvhsk Krw}/ _Fkrrvlqj Dprqj Dowhuqdwlyh Qrq H{shulphqwdo Phwkrgv iru
Hvwlpdwlqj wkh Lpsdfw ri Vrfldo Surjudpv= wkh Fdvh ri Pdqsrzhu Wudlqlqj/% Mrxuqdo ri
wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 4<;</ ;7 +73;,/ ;95~;:71
/ Odqfh Orfkqhu/ dqg Fkulvwrskhu Wdehu/ _Jhqhudo Htxloleulxp Wuhdwphqw Hhfwv=
D Vwxg| ri Wxlwlrq Srolf|/% Zrunlqj Sdshu 9759/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk
4<<;1
Khqhyhog/ Zdug/ _Wkh Glvwulexwlrq ri Ghyhorsphqw Ixqgv= Qhz Vfkrro Exloglqj lq Hdvw
Mdyd/% Exoohwlq ri Lqgrqhvldq Hfrqrplf Vwxglhv/ 4<:;/ 47 +4,/ 96~:<1
6;Kloo/ Kdo/ Wkh Lqgrqhvldq Hfrqrp| Vlqfh 4<99= Vrxwkhdvw Dvld*v Hphujlqj Jldqw/ Fdpeulgjh=
Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<91
Kxqjhuirug/ Wkrpdv dqg Jdu| Vrorq/ _Vkhhsvnlq Hhfwv lq wkh Uhwxuqv wr Hgxfdwlrq/%
Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 4<;:/ 9</ 4:8~4::1
Mdhjhu/ Gdylg D1 dqg Pduldqqh H1 Sdjh/ _Ghjuhhv Pdwwhu= Qhz Hylghqfh rq Vkhhsvnlq
Hhfwv lq wkh Uhwxuqv wr Hgxfdwlrq/% Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 4<<9/ :; +7,/
:66~:6<1
Ndqh/ Wkrpdv M1 dqg Fhflold H1 Urxvh/ _Oderu Pdunhw Uhwxuqv wr Wzr0 dqg Irxu0|hdu
Froohjh/% Dphulfdq Hfrqrplf Uhylhz/ 4<<8/ ;8 +6,/ 933~9471
Odqj/ Nhylq/ _Delolw| Eldv/ Glvfrxqw Udwh Eldv/ dqg wkh Uhwxuqv wr Hgxfdwlrq/% 4<<61 Plphr/
Ervwrq Xqlyhuvlw|1
dqg Gdylg Nurss/ _Kxpdq Fdslwdo yhuvxv Vruwlqj= wkh Hhfwv ri Frpsxovru| Dwwhq0
gdqfh Odzv/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Dxjxvw 4<;9/ ss1 93<~9571
Ody|/ Ylfwru/ _Vfkrro Vxsso| Frqvwudlqwv dqg Fkloguhq*v Hgxfdwrqdo Rxwfrphv lq Uxudo
Jkdqd/% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 4<<9/ 84 +5,/ 5<4~6471
Oloodug/ Ohh D1 dqg Urehuw M1 Zloolv/ _Lqwhujhqhudwlrqdo Hgxfdwlrqdo Prelolw|= Hhfwv ri
Idplo| dqg Vwdwh lq Pdod|vld/% Mrxuqdo ri Kxpdq Uhvrxufhv/ 4<<7/ 5< +7,/ 4459~44991
Pdoxfflr/ Mrkq/ _Hqgrjhqhlw| ri Vfkrrolqj lq wkh Zdjh Ixqfwlrq= Hylghqfh iurp Uxudo Sklols0
slqhv/% 4<<;1 Plphr/ Lqwhuqdwlrqdo Irrg Srolf| Uhvhdufk Lqvwlwxwh1
Ph|hu/ Euxfh G1/ _Qdwxudo dqg Txdvl0h{shulphqwv lq Hfrqrplfv/% Mrxuqdo ri Exvlqhvv/ Hfr0
qrplfv dqg Vwdwlvwlfv/ 4<<8/ 46 +5,/ 484~4941
Slww/ Pdun/ Pdun Urvhq}zhlj/ dqg Grqqd Jleerqv/ _Wkh Ghwhuplqdqwv dqg Frqvh0
txhqfhv ri Sodfhphqw ri Jryhuqphqw Surjudpv lq Lqgrqhvld/% Zruog Edqn Hfrqrplf Uh0
ylhz/ 4<<6/ :/ 64<~67;1
Svdfkdursrxorv/ Jhrujh/ Uhwxuqv wr Hgxfdwlrq= dq Lqwhuqdwlrqdo Frpsdulvrq/ Vdq Iudqflvfr=
Mrvv| Edvv0Hovhylhu/ 4<:61
6</ _Uhwxuqv wr Hgxfdwlrq= dq Xsgdwhg Lqwhuqdwlrqdo Frpsdulvrq/% Frpsdudwlyh Hgxfdwlrq/
4<;4/ 4:/ 654~6741
/ _Uhwxuqv wr Hgxfdwlrq= d Ixuwkhu Lqwhuqdwlrqdo Xsgdwh dqg Lpsolfdwlrqv/% Mrxuqdo ri
Kxpdq Uhvrxufhv/ 4<;8/ 53 +7,/ 8;6~9371
/ _Uhwxuqv wr Lqyhvwphqwv lq Hgxfdwlrq= d Joredo Xsgdwh/% Zruog Ghyhorsphqw/ 4<<7/ 55
+<,/ 4658~46761
Udydoolrq/ Pduwlq/ _LQSUHV dqg Lqhtxdolw|= d Glvwulexwlrqdo Shuvshfwlyh rq wkh Fhqwhu*v
Uhjlrqdo Glvexuvhphqwv/% Exoohwlq ri Lqgrqhvldq Hfrqrplf Vwxglhv/ 4<;;/ 57 +6,/ 86~:31
Urvhqedxp/ Sdxo U1/ _Wkh Uroh ri d Vhfrqg Frqwuro Jurxs lq dq Revhuydwlrqdo Vwxg|/%
Vwdwlvwlfdo Vflhqfh/ 4<;:/ 6/ 5<5~6391
Urvhq}zhlj/ Pdun U1 dqg Nhqqhwk L1 Zroslq/ _Hydoxdwlqj wkh Hhfwv ri Rswlpdoo| Glv0
wulexwhg Surjudpv= Fklog Khdowk dqg Idplo| Sodqqlqj Lqwhuyhqwlrqv/% Dphulfdq Hfrqrplf
Uhylhz/ 4<;;/ :9 +6,/ 7:3~7;51
dqg / _Pljudwlrq Vhohfwlylw| dqg wkh Hhfwv ri Sxeolf Surjudpv/% Mrxuqdo ri Sxeolf
Hfrqrplfv/ 4<;;/ 6:/ 598~5;<1
Vwudxvv/ Mrkq dqg Gxqfdq Wkrpdv/ _Kxpdq Uhvrxufhv= Hpslulfdo Prgholqj ri Krxvhkrog
dqg Idplo| Ghflvlrqv/% lq Mhuh Ehkupdq dqg W1Q1 Vulqlydvdq/ hgv1/ Kdqgerrn ri Ghyhors0
phqw Hfrqrplfv/ Yro1 6/ Dpvwhugdp= Qruwk Kroodqg/ 4<<8/ fkdswhu 67/ ss1 4;;8~53561
dqg / _Zdjhv/ Vfkrrolqj dqg Edfnjurxqg= Lqyhvwphqwv lq Phq dqg Zrphq lq Xuedq
Eud}lo/% lq Q1 Elugvdoo dqg Ulfkdug K1 Vderw/ hgv1/ Rssruwxqlw| Iruhjrqh= Hgxfdwlrq lq
Eud}lo/ Zdvklqjwrq/ GF= Zruog Edqn/ 4<<:1
Zruog Edqn/ _Lqgrqhvld= Edvlf Hgxfdwlrq Vwxg|/% Zruog Edqn Uhsruw :;740LQG/ Zdvklqjwrq/
GF 4<<31
/ _Lqgrqhvld= Sryhuw| Dvvhvvphqw/% Whfkqlfdo Uhsruw/ Zdvklqjwrq/ GF 4<<31
73L|it
- Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|1 Ghsduwphqw ri Hfrqrplfv1 83 Phpruldo Gulyh1
Fdpeulgjh PD 354751 Ilqdqfldo vxssruw iurp wkh Irqgdwlrq Wklhuv dqg wkh Doiuhg S1 Vordq
Glvvhuwdwlrq Ihoorzvkls lv judwhixoo| dfnqrzohgjhg1 L dovr wkdqn wkh Zruog Edqn iru sduwldoo|
ixqglqj wklv uhvhdufk/ wkh Fhqwudo Exuhdx ri Vwdwlvwlfv ri Lqgrqhvld/ wkh Edsshqdv dqg wkh
Plqlvwu| ri Hgxfdwlrq dqg Fxowxuh iru gdwd/ dqg wkh vwd ri wkh KLLG rfh lq Mdnduwd +lq
sduwlfxodu Mrh Vwhuq dqg Shwhu Urvqhu, iru wkhlu khos dqg krvslwdolw|1 L dp judwhixo wr Mrvkxd
Dqjulvw/ Deklmlw Edqhumhh/ Plfkdho Nuhphu/ dqg Mrqdwkdq Prugxfk iru wkhlu dgylfh dqg vxssruw
wkurxjkrxw wklv uhvhdufk/ dqg wr Gdurq Dfhprjox/ Gdylg Fdug/ Dqqh Fdvh/ Dlphh Fklq/ Dqjxv
Ghdwrq/ Jxlgr Lpehqv/ Hppdqxho Vdh}/ ydulrxv vhplqdu sduwlflsdqwv/ dqg wzr uhihuhhv iru
khosixo frpphqwv1 L ehdu vroh uhvsrqvlelolw| iru wkh frqwhqw ri wklv sdshu/ zklfk lv qrw phdqw wr
uhhfw wkh ylhzv ri wkh Zruog Edqn ru dq| jryhuqphqw djhqf|1
￿Nulvwlq I1 Exwfkhu dqg Dqqh Fdvh +4<<7, xvh vleolqj frpsrvlwlrq dv dq lqvwuxphqw iru
zrphq*v hgxfdwlrq lq wkh Xqlwhg Vwdwhv1 Dvklvk Jduj dqg Mrqdwkdq Prugxfk +4<<;, qg wkdw
vleolqj frpsrvlwlrq dhfwv hgxfdwlrq lq srru krxvhkrogv lq Jkdqd/ exw wkh| dovr qg hylghqfh
ri dq lpsdfw ri vleolqj frpsrvlwlrq rq khdowk/ zklfk lv olnho| wr dhfw lqfrph gluhfwo|1
2Pdoxfflr +4<<;, xvhv d vdpsoh ri 583 zdjhv hduqhuv lq wkh Sklolsslqhv dqg uholhv rq glvwdqfh
wr vfkrro uhsruwhg e| wkh sduhqwv lq 4<:; dv dq lqvwuxphqw iru hgxfdwlrq ri wkh lqglylgxdov
lqwhuylhzhg lq 4<<71
￿Wkh pdwfklqj zdv frpsolfdwhg e| wkh idfw wkdw vrph glvwulfwv fkdqjhg erxqgdulhv ru qdph1
L xvhg pdsv ri Lqgrqhvld wr uhvroyh wkhvh dpeljxlwlhv1
eWklv vkduh grhv qrw lqfoxgh whdfkhuv* vdodulhv/ zklfk duh sdlg rxw ri wkh urxwlqh frpsrqhqw
ri wkh exgjhw1
DWkh surjudp glg qrw vwrs dw wkdw gdwh1 L fkrvh wr frqvlghu wkh frqvwuxfwlrq ehwzhhq 4<:6~
:7 dqg 4<:;~:< iru wkh iroorzlqj uhdvrqv= lw fruuhvsrqgv wr wkh gxudwlrq ri wkh vhfrqg yh0|hdu
sodq/ d yhu| kljk sulpdu| hquroophqw udwh zdv dfklhyhg lq 4<:;/ dqg shrsoh eruq lq 4<:5 +wkh
74|rxqjhvw frkruw lq p| vdpsoh, wxuqhg : lq 4<:< dqg zhuh wkhuhiruh ixoo| h{srvhg wr wkh surjudp1
Wkh surjudp vorzhg grzq frqvlghudeo| diwhu 4<:;~:<1
SL fkrvh 4<:4 dv d edvh |hdu iru wkh srsxodwlrq ri fkloguhq ehfdxvh 4<:4 zdv d fhqvxv |hdu1
Lq fhqvxv sxeolfdwlrqv/ wkh glvwulfw srsxodwlrq lv eurnhq grzq e| zlgh djh fdwhjrulhv/ vr L kdyh
wr xvh fkloguhq djhg 8~47 dv wkh uhihuhqfh jurxs/lqvwhdg ri fkloguhq djhg :~451
.Wkh wudqvpljudwlrq uhjlrqv duh wkh duhdv zkhuh wkh jryhuqphqw ri Lqgrqhvld hqfrxudjhg
qhz vhwwohphqw dv d vroxwlrq wr wkh ryhufurzglqj ri Mdyd1
HWkh 4<:4 fhqvxv sxeolfdwlrqv gr qrw jlyh hquroophqw udwhv dprqj fkloguhq djhg : wr 45/ exw
rqo| wkh iudfwlrq ri wkh ryhudoo srsxodwlrq dwwhqglqj vfkrro1
bWr fruuhfw iru phdvxuhphqw huuru lq hquroophqw udwhv/ L xvh dq xqfruuhodwhg phdvxuh ri
uhjlrqdo hgxfdwlrq dv dq lqvwuxphqw iru hquroophqw udwh lq wkh srsxodwlrq lq 4<:4= wkh dyhudjh
hgxfdwlrq ri lqglylgxdov eruq ehwzhhq 4<83 dqg 4<931
￿fDjh dw vfkrro hqwu| ydulhv lq ghyhorslqj frxqwulhv +Sdxo Johzzh dqg Kdqdq Mdfre| +4<<8,,
dqg judgh uhshwlwlrq lv lpsruwdqw lq Lqgrqhvld +Mhuh U1 Ehkupdq dqg Dqlo E1 Ghrodolndu +4<<4,,1
Lq wdeoh 4/ sdqho F/ L vkrz lqirupdwlrq iurp wkh Lqgrqhvldq Idplo| Olih Vxuyh| +LIOV, gdwd vhw=
53 shufhqw ri fkloguhq kdyh uhshdwhg dw ohdvw rqh judgh1 L hvwlpdwhg wkh qxpehu ri shrsoh vwloo
dwwhqglqj sulpdu| vfkrro diwhu djh 45 dqg 46 lq wkh LIOV/ e| frpelqlqj lqirupdwlrq ri djh zkhq
wkh lqglylgxdo ohiw vfkrro zlwk wkh lqirupdwlrq derxw judgh uhshwlwlrq1 Dw djh 46 ru deryh 49
shufhqw ri vwxghqwv zhuh vwloo lq sulpdu| vfkrro/ exw rqo| : shufhqw zhuh vwloo lq sulpdu| vfkrro
d |hdu odwhu1
￿￿Li L kdg gdwd rq uhjlrq ri hgxfdwlrq/ L frxog xvh uhjlrq ri eluwk dv dq lqvwuxphqw iru uhjlrq
ri hgxfdwlrq1
￿2Wr pdnh Zdog hvwlpdwhv phdqlqjixo/ hvwlpdwhv lq wdeoh 6 duh suhvhqwhg iru wkh vdpsoh zlwk
ydolg zdjh gdwd1 Kljk surjudp uhjlrqv duh ghqhg dv uhjlrqv zkhuh wkh uhvlgxdo ri d uhjuhvvlrq
ri wkh qxpehu ri vfkrrov rq wkh qxpehu ri fkloguhq lv srvlwlyh1
￿￿Vhh Urvhq}zhlj dqg Zroslq +4<;;d,/ Slww/ Urvhq}zhlj dqg Jleerqv +4<<6,/ Jhuwohu dqg
Pro|qhdx{ +4<<7,1
75￿eMdphv M1 Khfnpdq/ Odqfh Orfkqhu dqg Fkulvwrskhu Wdehu +4<<;, pdnh wklv srlqw lq wkhlu
dqdo|vlv ri wkh hhfwv ri wxlwlrq srolf| lq wkh Xqlwhg Vwdwhv1
￿DFdug +4<<8, dvvxphv frqfdyh uhwxuqv wr vfkrrolqj1 L devwudfw iurp wklv wr irfxv rq wkh prvw
lpsruwdqw dvvxpswlrqv xqghuo|lqj wkh lghqwlfdwlrq vwudwhj| lq wklv frqwh{w1
￿SVhh Mrvkxd Dqjulvw +4<<8e, iru dq dqdo|vlv ri jhqhudo htxloleulxp hhfwv ri d udslg lqfuhdvh
lq hgxfdwlrq/ Mhuh U1 Ehukpdq dqg Qdqf| Elugvdoo +4<;6, dqg Fdug dqg Nuxhjhu +4<<5, iru wkh
lpsdfw ri vfkrro txdolw| rq uhwxuqv wr hgxfdwlrq dqg Dqguhz G1 Irvwhu dqg Pdun U1 Urvhq}zhlj
+4<<9, iru wkh lqxhqfh ri hfrqrplf jurzwk rq uhwxuqv wr hgxfdwlrq1
￿.Wklv lpsolhv wkdw V￿ @4 @5+V￿f . V￿&,1 H{whqglqj wkh fdofxodwlrqv wr vhyhudo frkruwv lv
frqfhswxdoo| hdv| exw pdnhv qrwdwlrq fxpehuvrph1
￿HXvlqj htxdwlrq +5, dqg lpsrvlqj wkh dvvxpswlrq wkdw wkh rog frkruw glg qrw dqwlflsdwh
wkh surjudp/ L rewdlq HfV￿& @ HfV￿f  (￿
￿ /z k h u hG￿ @ Hf+￿&  ￿f,1 Uhsodflqj wklv lq wkh
h{shfwhg ydoxh ri htxdwlrq +7, dqg vxevwlwxwlqj Hfe￿f lq htxdwlrq +5,/ L rewdlq +!  5￿,V￿f @
￿]￿f . ￿t￿f .5 2HfV . G2 zlwk G2 @ Hf ￿  q￿(￿
￿  ￿f1 L fdq wkhq frpelqh wklv zlwk
htxdwlrq +5, wr rewdlq +!￿,+V￿&V￿f,@￿+]￿&]￿f,.￿+t￿&t￿f,.52+H&VHfV,.G￿/
zlwk G￿ @ H& ￿  Hf ￿  +￿&  ￿f,.
q￿(￿
￿
￿bWkh srwhqwldo ghfolqh lq wkh uhwxuqv wr hgxfdwlrq lq uhjlrqv wkdw uhfhlyhg pruh vfkrrov
dhfwv doo frkruwv/ zkhwkhu ru qrw wkh| zhuh h{srvhg wr wkh surjudp1 Wkhuhiruh/ L zloo revhuyh
d +vsxulrxv, qhjdwlyh uhodwlrqvkls ehwzhhq |￿&  |￿f dqg wkh surjudp iru nA461
2fWklv lv htxlydohqw wr d zhljkwhg ohdvw vtxduhv hvwlpdwlrq ri htxdwlrq +9,1
2￿ Wkh qxpehu ri vfkrrov shu fklog zdv qhjdwlyho| fruuhodwhg zlwk wkh qxpehu ri fkloguhq/
dqg L zdqw wr devwudfw iurp dq| wlph0ydu|lqj hhfw ri uhjlrq srsxodwlrq1 Lw wxuqv rxw wr eh
lpsruwdqw lq wkh zdjh htxdwlrq1
22Uhyhuvh fdxvdolw| +lpsuryhphqw lq shuirupdqfh fdxvlqj lpsuryhphqw lq lqsxwv, lv qrw d
srwhqwldo sureohp lq wklv fdvh +xqolnh lq Jhuwohu dqg Pro|qhdx{ +4<<7, dqg lq Slww hw do1 +4<<6,,/
ehfdxvh gxulqj wkh hqwluh shulrg/ wkh doorfdwlrq uxoh zdv h{solflwo| edvhg xsrq hquroophqw lq
4<:5 +l1h1/ ehiruh wkh LQSUHV surjudp,1
762￿Xvlqj hquroophqw lq sulpdu| vfkrrov lq 4<:6 glylghg e| fkloguhq*v srsxodwlrq jlyhv vlplodu
uhvxowv/ exw wklv yduldeoh lv dydlodeoh iru ihzhu surylqfhv wkdq wkh hquroophqw udwh lq 4<:41 L dovr
udq wkh vdph uhjuhvvlrqv frqwuroolqj lq dgglwlrq iru dyhudjh hgxfdwlrq lq wkh frkruw 4<83~4<93
+zklfk fruuhvsrqgv pruh forvho| wr wkh iudphzrun rxwolqhg lq vhfwlrq LLL,/ dqg irxqg vlplodu
uhvxowv1
2eL kdyh sorwwhg wkh frhflhqwv fruuhvsrqglqj wr wkh vshflfdwlrq lq wdeoh D4/ froxpq 51
2DWkh jryhuqphqw pd| fduh pruh derxw wkrvh fkloguhq zkr/ lq wkh devhqfh ri wkh surjudp/
zrxog kdyh kdg wkh ohdvw hgxfdwlrq1 Krzhyhu/ L fdqqrw uhdoo| dqvzhu wklv txhvwlrq e| h{dplqlqj
krz wkh glvwulexwlrq ri hgxfdwlrq lv dhfwhg e| wkh surjudp +ehfdxvh wkh glhuhqfh lq txdqwlohv
lv qrw wkh txdqwloh ri wkh glhuhqfh,1
2SWkh vkdsh ri wklv ixqfwlrq lv qrw dhfwhg e| frqwuroolqj iru lqwhudfwlrqv ri hquroophqw udwh
+ru zdwhu dqg vdqlwdwlrq surjudp, dqg |hdu0ri0eluwk gxpplhv1
2.Wkh qhjdwlyh glhuhqfh lq glhuhqfhv dw wkh vhqlru kljk vfkrro ohyho pd| lqglfdwh wkdw vrph
yduldeoh suhglfwlqj wkh suredelolw| ri dwwhqglqj vhqlru kljk vfkrro lv rplwwhg iurp wklv uhjuhvvlrq
+dqg fkdqjhg lq orz0surjudp uhjlrqv pruh wkdq lq kljk surjudp uhjlrqv,1
2HIru h{dpsoh/ Dqjulvw dqg Lpehqv +4<<8, qg wkdw frpsxovru| dwwhqgdqfh odzv lq wkh Xqlwhg
Vwdwhv lqgxfh d iudfwlrq ri wkh vdpsoh wr frpsohwh vrph froohjh dv d frqvhtxhqfh ri frqvwudlqlqj
wkhp wr frpsohwh kljk vfkrro1
2bL kdyh dovr hvwlpdwhg wklv htxdwlrq xvlqj OLPO/ zklfk lv phgldq xqeldvhg dqg grhv qrw
vxhu iurp wklv sureohp1 OLPO uhvxowv duh yhu| vlplodu wr 5VOV uhvxowv/ surylglqj hylghqfh wkdw
wkh zhdn lqvwuxphqwv sureohp lv qrw vhulrxv lq wklv dssolfdwlrq1
￿fIru h{dpsoh/ lq d vwxg| rq uhwxuqv wr hgxfdwlrq lq Lqgrqhvld/ Ehkupdq dqg Dqlo E1 Ghrod0
olndu +4<<6, lqwurgxfh krxvhkrog {hg hhfwv lq dq hduqlqjv ixqfwlrq dqg uhsruw hvwlpdwhv wkdw
duh pxfk orzhu wkdq wkh fruuhvsrqglqj ROV hvwlpdwhv1 Qrwh/ krzhyhu/ wkdw lqwurgxflqj {hg
hhfwv lqwr d zdjh htxdwlrq uhgxfhv wkh vdpsoh vl}h dqg pljkw h{dfhuedwh wkh dwwhqxdwlrq eldv
gxh wr phdvxuhphqw huuruv +]yl Julolfkhv +4<:<,,1
￿￿Qrwh wkdw wkh ROV frhflhqwv lqglfdwh d fruuhodwlrq dqg duh qrw fdxvdo hvwlpdwhv> wkhvh
77kljk frhflhqwv frxog eh dq duwlidfw ri vhohfwlrq lqwr vhfrqgdu| hgxfdwlrq1
￿2L kdyh qrw suhvhqwhg wkh 5VOV hvwlpdwh zkhq wkh I0vwdwlvwlf iru wkh mrlqw vljqlfdqfh ri wkh
lqvwuxphqwv lq wkh uvw vwdjh zdv ehorz 5/ ehfdxvh lw zrxog qrw eh lqwhusuhwdeoh1
￿￿Qrwh wkdw L sduwlwlrq wkh vdpsoh dffruglqj wr hgxfdwlrq/ zklfk lv dq hqgrjhqrxv yduldeoh1
Lw qrw lghdo/ exw lw lv qrw olnho| wr eh d uhdo sureohp lq wklv fdvh/ ehfdxvh wkh ghflvlrq wr jr
wr vhqlru kljk vfkrro lv txlwh glhuhqw iurp wkh ghflvlrq wr frpsohwh rqh pruh |hdu ri sulpdu|
vfkrro1
￿eWkh gdwd vkrzv wkdw wkh surjudp uhgxfhg sxslo2whdfkhu udwlrv lq ghqvho| srsxodwhg uhjlrqv/
zklfk lv h{shfwhg jlyhq wkdw lw lqfuhdvhg wkh qxpehu ri whdfkhuv exw qrw wkh qxpehu ri sxslov
lq wkhvh uhjlrqv1 Wklv vxjjhvwv wkdw sxslo2whdfkhu udwlrv glg qrw kdyh d elj lpsdfw rq hhfwlyh
vfkrro txdolw|1
￿DLqglylgxdov zkr glg qrw zrun dw ohdvw rqh krxu lq wkh suhylrxv zhhn gr qrw uhsruw d eudqfk
ri dfwlylw|1 Wkh| duh/ wkhuhiruh/ vwloo h{foxghg iurp wklv vdpsoh1
￿SWkh orvv lqfxuuhg e| wkh roghu jhqhudwlrqv/ zkrvh uhwxuqv wr hgxfdwlrq zhqw grzq ehfdxvh
ri wkh surjudp duh qrw wdnhq lqwr dffrxqw lq wkh uhgxfhg irup hvwlpdwhv ri wkh surjudp*v hhfwv1
￿.Pruh jhqhudoo|/ wkh frvw0ehqhwv dqdo|vlv vkrxog lghdoo| eh edvhg rq wkh frqvxphu vxusoxv
jhqhudwhg e| wkh surjudp1 Lw lqfoxghv wkh dgglwlrqdo frvw iru fkloguhq wr jr wr vfkrro dv zhoo dv
wkh ehqhwv iru doo fkloguhq wr jr wr d vfkrro wkdw lv qrz forvhu wr wkhlu krph1
￿HDqg lqghhg lq 4<<:/ prvw LQSUHV vfkrrov frqvwuxfwhg lq wkh plg04<:3*v zhuh hlwkhu forvhg
ru fuxpeolqj1
￿bWkh dvvxpswlrq wkdw wkh jryhuqphqw sd|v dq dqqxlw| rq wkh fdslwdo dqg wudlqlqj h{shqgl0
wxuhv dqg sd|v wkh zdjh eloo hyhu| |hdu lv ri frxuvh luuhohydqw iru wkh fdofxodwlrq ri wkh glvfrxqwhg
vxp ri qhw ehqhwv ru wkh lqwhuqdo udwh ri uhwxuqv1
efVr iru d frkruw eruq | |hduv diwhu 4<:5/ wkh hhfw zrxog eh fdofxodwhg dv H+f,@
.E.2￿
E￿n?￿+ li
wkh srsxodwlrq jurzwk udwh zhuh frqvwdqw1
e￿Diwhu 5383/ wkh ehqhwv duh vwdeoh/ dqg L/ wkhuhiruh/ frqvlghu 5383 dv wkh lqqlw| srlqw1
78e2D uhodwhg srlqw lv pdgh e| Pdun Elov dqg Shwhu Nohqrz +4<<;,/ zkr dujxh wkdw wkh fruuh0
odwlrq ehwzhhq jurzwk dqg hgxfdwlrq lq furvv0frxqwu| jurzwk uhjuhvvlrqv lv olnho| wr eh gulyhq
e| wkh idfw wkdw kljk h{shfwhg jurzwk pdnhv lqyhvwphqw lq hgxfdwlrq pruh surwdeoh1








A1: Experiment of interest: education
















































A2: Experiment of interest: log(wages)



























































B1: Control experiment: education






















































B2: Control experiment: log(wages)





































































































































































4FIGURE 3B -- COEFFICIENTS OF THE INTERACTION AGE IN 1974* PROGRAM INTENSITY IN
THE REGION OF BIRTH


















FIGURE 3A -- COEFFICIENTS OF THE INTERACTION AGE IN 1974* PROGRAM INTENSITY
IN THE REGION OF BIRTH
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FIGURE 2 -- COEFFICIENT OF THE INTERACTIONS AGE IN 1974* PROGRAM 
INTENSITY IN THE REGION OF BIRTH
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FIGURE 8 -- DIFFERENCE IN DIFFERENCES IN CDF (ESTIMATED 
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Years of educationFIGURE 9 -- COEFFICIENTS OF THE INTERACTIONS AGE IN 1974* PROGRAM INTENSITY IN THE REGION 
OF BIRTH IN THE WAGE AND EDUCATION EQUATION (SAMPLE: INDIVIDUALS WHO COMPLETED MORE 
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Years of educationAssumptions: Deadweight burden: 0.2.  GDP growth after 1973: 2%. Program
effect is estimated without controlling for enrolment rate (table 5, columns 7). 
FIGURE 11 -- ANNUAL COSTS AND BENEFITS OF THE PROGRAM









































































































- - - - Annual costs _____ Annual benefits
FIGURE 12 -- DISCOUNTED SUM OF PROGRAM’S NET BENEFIT









































































































Panel A:  Individual Level Means
Education (whole sample N=152,989) 7.98
Education (sample with valid wage data N=60,663) 9.00
INPRES schools built for 1000 children 1.98
INPRES schools built  for 1000 children (sample with valid wage data) 1.89
INPRES schools built  for 1000 children (High program regions) 2.44
INPRES schools built  for 1000 children (Low program regions) 1.54
Log(hourly wage) 6.87
Monthly earnings (SUPAS 1995),thousands Rupiah 13
Monthly earnings (SUSENAS 1993) of wage earners, thousands Rupiah 205
Monthly earnings (SUSENAS 1993) of self-employed individuals, thousands Rupiah 152
Panel B: District Level Means (N=293)
INPRES schools constructed (1973/74 - 1978/79) 222
INPRES schools constructed for 1000 children (1973/74 - 1978/79) 2.34
Number of teachers in 1973/74 1530
Number of teachers in 1978/79 2082
Number of schools in 1973/74 219
Fraction of the population attending schools in 1971 (census) 0.174
Enrollment rate in primary school in 1973 (Ministry of education and culture)  0.68
Panel C: Indonesian Family Life Survey, Individuals Born Between 1950 and 1972
(all numbers are in percentage)
Proportion of individuals having migrated between birth and age 12 8.5
Proportion of people having repeated at least one grade in primary school 20
Proportion of people completin more than primary having repeated at least one grade in primary school 6.0
Proportion of individuals having attended primary school after age 12 (estimated) 15.8
Proportion of individuals having attended primary school after age 13 (estimated) 6.8
Proportion of individuals born 1950-1961 , completing primary or less, who left school after 1974 2.8
Proportion of individuals born 1962-1966 , completing primary or less, who left school after 1974 24.5
Sources: IFLS, SUPAS, SUSENAS, INPRES instruction, Census (1971), Ministry of Education and Culture.
TABLE 1 -- DESCRIPTIVE STATISTICSLog of number of children aged 5-14 in the region  0.78
(0.027)
Log(1-enrollment rate in primary school in 1973) 0.12
(0.038)
Number of observations 255
R squared 0.78
Notes: Standard errors are in parentheses. 
The dependent variable in the log of the number of INPRES schools built 
between 1973 and 1978.
The enrollment rate in primary school is the number of children enrolled in  
primary school in 1973 (obtained from the Ministry of education and Culture)
 divided by the number of children aged 5-14 in the region in 1973
TABLE 2 -- THE ALLOCATION OF SCHOOLS
log(INPRES schools)TABLE 3 -- MEANS OF EDUCATION AND LOG(WAGE) BY COHORT AND LEVEL OF PROGRAM CELLS
Years of education
Level of program in  Level of program in 
Region of birth Region of birth
High Low Difference High Low Difference
(1) (2) (3) (4) (5) (6)
Panel A: Experiment of Interest
Aged 2 to 6 in 1974 8.49 9.76 -1.27 6.61 6.73 -0.12
(0.043) (0.037) (0.057) (0.0078) (0.0064) (0.010)
Aged 12 to 17 in 1974 8.02 9.40 -1.39 6.87 7.02 -0.15
(0.053) (0.042) (0.067) (0.0085) (0.0069) (0.011)
Difference 0.47 0.36 0.12 -0.26 -0.29 0.026
(0.070) (0.038) (0.089) (0.011) (0.0096) (0.015)
Panel B: Control Experiment
8.00 9.41 -1.41 6.87 7.02 -0.15
Aged 12 to 17 in 1974 (0.054) (0.042) (0.078) (0.0085) (0.0069) (0.011)
7.70 9.12 -1.42 6.92 7.08 -0.16
Aged 18 to 24 in 1974 (0.059) (0.044) (0.072) (0.0097) (0.0076) (0.012)
0.30 0.29 0.013 0.056 0.063 0.0070
Difference (0.080) (0.061) (0.098) (0.013) (0.010) (0.016)
Note: The sample is made of the individuals who earn a wage. Standard errors are in parentheses
Log(wages)TABLE 4 -- EFFECT OF THE PROGRAM ON EDUCATION AND WAGES: COEFFICIENTS OF THE INTERACTIONS BETWEEN COHORT DUMMIES 
AND THE NUMBER OF SCHOOLS CONSTRUCTED PER 1000 CHILDREN IN THE REGION OF BIRTH.
Observations (1) (2) (3) (4) (5) (6)
PANEL A: Experiment of Interest: Individuals Aged 2 to 6 or 12 to 17 in 1974
(Youngest Cohort: Individuals Ages 2 to 6 in 1974)
Whole sample 78,470 0.124 0.15 0.188
(0.0250) (0.0260) (0.0289)
Sample of wage earners 31,061 0.196 0.199 0.259 0.0147 0.0172 0.0270
(0.0424) (0.0429) (0.0499) (0.00729) (0.00737) (0.00850)
PANEL B: Control Experiment : Individuals Aged 12 to 24 in 1974 
(Youngest Cohort: Individuals Ages 12 to 17 in 1974)
Whole sample 78,488 0.0093 0.0176 0.0075
(0.0260) (0.0271) (0.0297)
Sample of wage earners 30,225 0.012 0.024 0.079 0.0031 0.00399 0.0144
(0.0474) (0.0481) (0.0555) (0.00798) (0.00809) (0.00915)
Control variables:
Year of birth*enrollment rate in 1971 No Yes Yes No Yes Yes
Year of birth* water and sanitation program No No Yes No No Yes
Notes: All specifications include region of birth, year of birth dummies and interactions between the year of birth dummies and the number of children in the
 region of birth (in 1971). The numbers of observations refer to the specification  in columns 1 and 4.
Standard errors are in parentheses.
Log(hourly wage)
Dependent variable
Years of educationTABLE 5 -- EFFECT OF THE PROGRAM ON EDUCATION AND WAGES: COEFFICIENTS OF THE INTERACTIONS BETWEEN DUMMIES 
INDICATING AGE IN 1974 AND THE NUMBER OF SCHOOLS PER 1000 CHILDREN IN REGION OF BIRTH 
Age in 1974 (1) (2) (3) (4) (5) (6) (7) (8) (9)
12 -0.035 -0.025 0.002 -0.040 -0.010 0.009 0.016 0.019 0.027
(0.047) (0.048) (0.054) (0.077) (0.078) (0.091) (0.013) (0.013) (0.015)
11 0.011 0.025 0.018 0.008 0.014 -0.003 -0.014 -0.013 -0.009
(0.046) (0.047) (0.051) (0.073) (0.074) (0.083) (0.012) (0.013) (0.014)
10 0.059 0.049 0.078 0.10 0.092 0.13 0.0036 0.0042 0.0059
(0.047) (0.049) (0.054) (0.075) (0.076) (0.090) (0.013) (0.013) (0.015)
9 0.14 0.14 0.15 0.067 0.063 0.17 0.0095 0.010 0.018
(0.039) (0.041) (0.044) (0.065) (0.066) (0.077) (0.011) (0.011) (0.013)
8 0.088 0.11 0.11 0.19 0.20 0.28 0.019 0.021 0.027
(0.049) (0.050) (0.054) (0.078) (0.079) (0.089) (0.013) (0.013) (0.015)
7 0.12 0.14 0.16 0.11 0.13 0.16 -0.0095 -0.0049 0.0066
(0.044) (0.046) (0.051) (0.072) (0.073) (0.084) (0.012) (0.012) (0.014)
6 0.14 0.17 0.26 0.23 0.23 0.32 0.011 0.013 0.018
(0.042) (0.044) (0.049) (0.070) (0.070) (0.084) (0.012) (0.012) (0.014)
5 0.10 0.13 0.13 0.14 0.16 0.27 0.021 0.023 0.052
(0.043) (0.045) (0.050) (0.075) (0.075) (0.088) (0.013) (0.013) (0.015)
4 0.11 0.12 0.18 0.19 0.19 0.29 0.019 0.020 0.038
(0.039) (0.041) (0.046) (0.069) (0.069) (0.082) (0.012) (0.012) (0.014)
3 0.11 0.14 0.20 0.15 0.17 0.30 0.0079 0.013 0.027
(0.044) (0.046) (0.053) (0.079) (0.080) (0.097) (0.013) (0.014) (0.016)
2 0.14 0.19 0.19 0.20 0.22 0.25 0.016 0.023 0.040
(0.041) (0.043) (0.049) (0.073) (0.074) (0.088) (0.012) (0.013) (0.015)
Control variables:
Year of birth*enrollment rate in 1971 No Yes Yes No Yes Yes No Yes Yes
Year of birth*water and sanitation program No No Yes No No Yes No No Yes
F-statistic 4.03 5.18 6.15 2.70 2.74 4.38 1.13 1.29 2.05
R-squared 0.19 0.19 0.17 0.14 0.14 0.13 0.14 0.15 0.13
Obervations 152,989 152,495 143,107 60,633 60,466 55,144 60,633 60,466 55,144
Notes: All specifications include region of birth and year of birth dummies and year of birth dummies interacted with population in 1971 
The control group is the group of people who were 13 to 24  in 1974. 
Standard errors are in parentheses. The F-statistics test the hypothesis that the coefficients of the interaction between the year of birth dummies and the program intensity in the 
region of birth are jointly zero.
Dependent variable: years of education 
Whole sample Sample of wage earners
Dependent variable: log(hourly wage)TABLE 6 -- EFFECT OF EDUCATION ON LABOR MARKET OUTCOMES. OLS AND 2SLS ESTIMATES
Method Instrument (1) (2) (3) (4)
PANEL A: Sample of Individuals Who Work for a Wage
PANEL A1: Dependent variable: log(hourly wage)
OLS 0.0776 0.0777 0.0767
(0.000620) (0.000621) (0.000646)
2SLS Year of birth dummies* program intensity in region of birth 0.0675 0.0809 0.106 0.0908
(0.0280) (0.0272) (0.0222) (0.0541)
[0.96] [0.9] [0.93] [0.9]
2SLS (Aged 2-6 in 1974)*program intensity in region of birth 0.0752 0.0862 0.104
(0.0338) (0.0336) (0.0304)
PANEL A2: Dependent variable: log(monthly earnings) 
OLS 0.0698 0.0698 0.0689
(0.000601) (0.000602) (0.000628)
2SLS Year of birth dummies* program intensity in region of birth 0.0756 0.0925 0.0913 0.134
(0.0280) (0.0278) (0.0219) (0.0631)
[0.73] [0.63] [0.58] [0.7]
PANEL B: Complete Sample
PANEL B1: Dependent variable: participation in the wage sector
OLS 0.0328 0.0327 0.0337
(0.00311) (0.000311) (0.000319)
2SLS Year of birth dummies* program intensity in region of birth 0.101 0.118 0.0892
(0.0210) (0.0197) (0.0162)
[0.66] [0.93] [1.12]
PANEL B2: Dependent variable: log(monthly earnings), imputed for self-employed individuals
OLS 0.0539 0.0539 0.0539
(0.000354) (0.000354) (0.000355)




Year of birth*enrollment rate in 1971 No Yes Yes Yes
Year of birth* water and sanitation program No No Yes No
Propensity score, propensity score squared No No No Yes
Notes: Year of birth dummies, region of birth dummies and the interactions betweeen year of birth dummies and the number of children in the region 
of birth in 1971 are included in the regressions. Standard errors are in parenthesis. F-statistics of the test of overidentification restrictions are in 
squared brackets.TABLE 7 -- PROGRAM EFFECT AND RETURNS TO EDUCATION BY CATEGORIES OF REGION OF BIRTH
Whole sample <median >median High Low <median >median
(1) (2) (3) (4) (5) (6) (7)
PANEL A: Effect of the Program on Education.
Dependent variable: Years of education. Sample:  individuals ages 2 to 6 or 12 to 17 in 1974
Interaction 0.15 0.19 -0.014 0.13 0.083 0.14 0.13
 (2-6 in 1974)*program intensity in region of birth (0.026) (0.035) (0.048) (0.058) (0.035) (0.040) (0.036)
PANEL B: Effect of the Program on Wages.
Dependent variable: log(hourly wage). Sample: individuals ages 2 to 6 or 12 to 17 in 1974 (wage earners)
Interaction 0.017 0.032 -0.00084 0.051 -0.00083 0.028 0.0046
 (2-6 in 1974)*program intensity in region of birth (0.0074) (0.011) (0.012) (0.017) (0.0094) (0.013) (0.0095)
PANEL C: Returns to Education. 
Dependent variable: log (hourly wage). Sample: wage earners
Years of education 0.078 0.11 No 0.10 No 0.12 0.029
(0.00062) (0.026) First stage (0.028) First stage (0.032) (0.052)
[0.9] [0.86] [0.88] [0.72] [0.83]
Notes: Region of birth dummies, year of birth dummies, and interactions of year of birth dummies and the number of children and the enrollment rate in
the region in 1971 are included in the regressions.
The median density (the density for the region of birth for the median person in the weighted sample) is 308 habitants per square kilometer.
The high poverty provinces are the provinces where the proportion of people consuming less than 1,500 Rp per capita is larger than the national average (11.3%) for rural regions.
(in the 1976 SUSENAS). I define as "high poverty" districts the rural districts in these provinces, which are: Lampung, Central Java, Jogyakarta, East Java, East Nusa Tenggara,
Central Sulawesi, South Sulawesi, Southeast Sulawesi, Maluku, Irian Jaya. Source: World Bank (1979).
The pre-program education is the average education in the region of birth for people born in 1962 or before. The median is 3.18 years.
Standard errors in parenthesis, F-statistics of the overidentification test in squared brackets.
Density  1976 Poverty  Pre-program education 
Characteristics of region of birthTABLE 8 -- EVALUATION OF THE PROGRAM’S NET RETURN
(1) (2) (3) (4)
PANEL A: Results
Control for Year of birth*enrollment rate No Yes No Yes
First year where benefit>costs (discount rate=5%)
In annual value: 1996 1996 1997 1997
In discounted sum 2005 2002 2009 2005
Discounted sum of net benefits in 2050 (g after 1997=5%, discount rate 5%)
In million 1990 US$ 13,025 13,096 11,340 18,807
As a fraction of Indonesia’s GDP in 1973 0.30 0.36 0.31 0.52
Divided by initial costs 24.1 24.2 21.0 35.0
Discounted sum of net benefits in 2050 (g after 1997=2%, discount rate 5%)
In milllion 1990 US$ 6,691 11,589 5,008 9,905
As a fraction of Indonesia’s GDP in 1973 0.18 0.32 0.14 0.27
Divided by initial costs 12.4 21.4 9.26 18.3
Discounted sum of net benefits in 2050 (g from 1973= 2%, discount rate 5 %)
In million 1990 US$ -631.6 1200 -2315 -483
As a fraction of Indonesia’s GDP in 1973 -0.017 0.033 -0.063 -0.013
Divided by initial costs -1.16 2.22 -4.28 -0.89
Internal rate of return
g after 1997=5% 0.102 0.118 0.0895 0.105
g after 1997=2% 0.088 0.106 0.0750 0.0915
g from 1973=2% 0.0443 0.059 0.0326 0.0467
PANEL B: Assumptions and Parameters
Population growth rate after 1997 0.015
Yearly teacher salary in 1973 (1990 US $) 363
Yearly teachers salary in 1995 (1990 US $) 2,467
Total recurrent costs/teacher salary 1.25
Total cost of construction (million 1990 US $) 522
Number of school constructed 61,800
Life time of the schools (years) 20
Share of labor income in GDP 0.7
Note: The estimates underlying these calculations are taken from table 5 (columns 7 and 8).
Program effect has been set to 0 for children aged 7 or older in 1974.
The internal rate of return is the interest rate such that the net present value of the project at infinity is 0.
0.2
Deadweight loss coefficient
0.6TABLE A1 -- UNRESTRICTED ESTIMATES OF PROGRAM EFFECT: COEFFICIENTS OF THE INTERACTION BETWEEN 
AGE IN 1974 AND THE NUMBER OF SCHOOLS PER 1000 CHILDREN BUILT IN THE REGION OF BIRTH
(1) (2) (3) (4) (5) (6)
Age in 1974
23 -0.072 -0.83 -0.15 -0.007 -0.012 -0.013
(0.074) (0.077) (0.086) (0.023) (0.023) (0.026)
22 0.012 -0.0024 -0.035 0.0024 0.0039 0.13
(0.068) (0.071) (0.079) (0.022) (0.022) (0.025)
21 0.067 0.059 0.033 0.017 0.019 0.027
(0.066) (0.070) (0.077) (0.021) (0.021) (0.024)
20 0.039 0.014 -0.038 -0.015 -0.0052 -0.02
(0.066) (0.070) (0.077) (0.021) (0.021) (0.024)
19 0.048 0.051 0.03 0.02 0.24 0.045
(0.061) (0.065) (0.072) (0.021) (0.021) (0.023)
18 0.011 0.032 -0.003 -0.0032 0.0027 0.022
(0.067) (0.070) (0.077) (0.021) (0.021) (0.024)
17 0.087 0.068 0.031 0.0370 0.01 0.023
(0.065) (0.069) (0.076) (0.021) (0.021) (0.023)
16 -0.021 -0.007 -0.081 0.0012 0.0043 0.015
(0.062) (0.066) (0.073) (0.020) (0.020) (0.023)
15 -0.03 -0.025 -0.086 -0.01 -0.0091 0.0047
(0.063) (0.067) (0.074) (0.020) (0.020) (0.023)
14 0.081 0.088 0.072 0.019 0.023 0.052
(0.058) (0.062) (0.069) (0.019) (0.019) (0.022)
13 0.064 0.071 0.014 -0.0057 0.000054 0.016
(0.069) (0.071) (0.079) (0.022) (0.022) (0.024)
12 -0.0067 0.0024 -0.009 0.019 0.025 0.045
(0.064) (0.067) (0.075) (0.020) (0.020) (0.023)
11 0.039 0.052 0.0073 -0.011 -0.0067 0.0095
(0.062) (0.066) (0.073) (0.019) (0.020) (0.022)
10 0.087 0.077 0.067 0.001 0.011 0.024
(0.064) (0.067) (0.075) (0.020) (0.020) (0.023)
9 0.17 0.17 0.14 0.012 0.016 0.036
(0.058) (0.062) (0.068) (0.019) (0.019) (0.021)
8 0.12 0.13 0.1 0.022 0.027 0.045
(0.065) (0.068) (0.075) (0.020) (0.020) (0.023)
7 0.15 0.17 0.15 -0.0068 0.0013 0.025
(0.062) (0.066) (0.073) (0.019) (0.020) (0.022)
6 0.17 0.2 0.24 0.014 0.02 0.036
(0.060) (0.064) (0.071) (0.019) (0.019) (0.022)
5 0.13 0.16 0.12 0.024 0.029 0.07
(0.061) (0.064) (0.072) (0.020) (0.020) (0.023)
4 0.14 0.15 0.16 0.021 0.027 0.056
(0.058) (0.062) (0.069) (0.019) (0.019) (0.022)
3 0.14 0.17 0.19 0.011 0.019 0.045
(0.062) (0.066) (0.074) (0.020) (0.020) (0.024)
2 0.17 0.22 0.18 0.018 0.029 0.058
(0.059) (0.063) 0.071 (0.019) (0.020) (0.023)
Year of birth* 1971 enrollment rate No Yes Yes No Yes Yes
Year of birth* water and sanitation No No Yes No No Yes
R squared 0.19 0.19 0.17 0.14 0.15 0.14
Observations 152,989 152,495 143,107 60,208 60,466 55,144
Notes: Standard errors are in parentheses. All regressions include year of birth dummies, region of birth dummies,
and year of birth dummies interacted with number of children in 1971. The omitted group is the group aged 24 in 1974.
Education Log(wage)